Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


3 


'  A(i 


■«S9^ 


*• 


THE 

GALLERY 

ov 

NATURE  AND  ART; 


OR, 


A  TOUR  THROUGH  CREATION  AND  SCIENCE. 


BY  THE  REV.  EDWARD  POLEHAMPTON, 

riLLOW  ov  XINe*8  COLLieiy   CAMBRIDGB  ; 

AuUtid  yj  DisUnguitktd  WriitrB  in  the  varhui  DepartmenU  o/  the  WorkJ 


ILLUSTRATED  WITH  ONE  HUNDRED  PLATES, 

Fmoit  New  Dmoiify  DnaiimfK  ov  the  Wondem  of  Natuee-ahd  Art. 


BbNEATB   RIW,  with  JIKW  WONDIR,   NOW  Rt   TICWS> 

Im  narrow  Roovy  NATURE'S  wnoLB  wealth. 

MrtTOK. 


^        IN    SIX   VOLUMES 

VOL.  IV. 


."  :. 


<     «« 


LONDON : 

PRINTED  BY  R.WILKS,  89,  CHANCERY-LANE; 
SOLD  BT  CRADOCK  AND  JOY,  PATERNOSTER. ROW  ;    R0D\\£LL,  NEW 

bond-street;  underwood,  fleet-street; 
and  all  other  booksellers. 

1815. 


•      •  • 

•     •• 

•      •    • 

•      •  ■  •  ■ 

• 

«                       • 

•    •      • 

•     •        « 

^     • 

«           •  • 
•       •       < 

•                       • 
•            • 

• •        •  ••  .      , , 

• 

•     •         • 

• 

•           • 

•      •  •  • 

_  • 

-••          • 

•    .•  • 

•     •       • 

.;.=  •■ 

•  ••• 

k     » 

•  «  •          •   • 

•  •              m 

• 

•  -•  • 

■                »  * 

•  V    k      *       4 

»       •       -        • 

•                      HA 

•  •  •    • 
»  •  »    »              « 

• 

•   •  •        •  «    • 

• 

CONTENTS 

OF 

VOLUME  IV, 


PART  I. 

GALLERY  OF  NATURE. 

BOOK  II. 

GEOLOGY  continued. 

Chap.  Page 

XXXIV.  Atmospherical  Department                  .  1 

Sect.  i.  Compositioa  of  the  Atmosphere                    .  ib. 

IL  Atmospheric  Air                        .                     .  4 

iii.  Atmospheric  Water                  .                   .  14 

IT.  Atmospheric  Carbonic  Acid                      .  19 

T.  Atmospheric  unknown  Bodies                     •  21 

▼J.  Variation  of  the  Atmosphere                        •  84 

-2L2LX.V.  Zones  and  Climates                 •                 •  41 

XXXVI.  Nature,  Properties,  and  Variations  of  Heat  50 

Sect.  i.  Sources  and  Eflfects  of  Heat                •                •  ib. 

ii.  Variation  of  Local  [leat  .  .  (S7 
iii.  Variation  of  Heat  in  Countries  best  known,  or  most 

exposed  tu  it                     .                          .  74 

XXXVII.  Degrees  and  Effects  of  severe  Cold  in  High 
Latitudes,  5cc.              ...  86 

Sect.  i.  Cold  of  the  South  Polar  Regions  •  ib. 
ii.  Ice. Islands,  and  Sufterings  of  Lieutenant  Kiou,  in 

the  Guardian  Frii;ate  .  .  95 
iii.  Cold  of  the  North  Polar  Regions^  as  ascertained  by 

Lord  Mulgrave  .  .  100 
It.  The  same,  as  ascertained  by  Capt.  Cook,  with  bis 

Discovery  of  a  Passage  from  the  Pacific  Ocean, 

Northward                 .                  .                 •  106 

v.  State  of  the  Globe  within  the  Arctic  Circle  111 

Ti.  Efiects  of  €k>ld  at  Hudson's  Bay,  in  1741-2  114 
▼iL  Extraordinary  degree  of  Cold  at  Glasgow,  in  Jan. 

1780                  .                     .                    .  Ul 

XXXVIII.  Evaporation             .             .             .  129 

XXXIX.  Formation  and  Nature  of  Dew,  Mist,  Fogs, 
Clouds,  Rain,  Snow,  and  Hail             •  IS9 

SscT.  i.  General  Remarks                    •                   •  ib. 

ii.  Annnal  Fall  of  Rain                 .                 .  150 

ill.  Fall  of  Bntter.like  Dew  in  Ireland  152 

i?.  Dense  Fog  on  the  Island  of  Sumatra            •  Vb^ 


ft 


IV  CONTENTS  OF  VOt.  IT. 

Chap* 

Tii.  Volcanic  Showers,  or  Rain                     •  161 

1.  General  Remarks                  .                  .  ibt 

2.  Showers  of  Ashes  in  the  Archipelago  ib» 

3.  Shower  of  Dust  that  fell  on  a  Ship  near  IcdaaoT  ib. 

4.  New  kind  of  Rain  .  •  \   vl03 

5.  Surprising  Shoal  of  Pumice.Stones  found  floating 

on  the  Sea                    .  ,                     165 

▼iii.  Shower  of  Fishes                   •  .                   166 

ix.  On  the  Nature  of  Snow  .                         ib* 

1.  Configuration  of  its  Crystals  *                    ib* 

2.  Mode  of  its  Formation  :                         170 
X.  Snow  of  a  Red  Colour  •                           172 

U  Descent  of  Red  Snow  at  Genoa  .  ib. 

2. in  the  Alps  .  173 

xu  Avalanches,  or  failing  Masses  of  detached  and  in* 
cumbent  Snow-heaps,  from  the  Summits  of  lofty 
Mountains  .  .  •  175 

xii.  General  Nature  of  Hail  .  181 

xiii.  Violent  HaiLStorms,  accompanied  with  Stones  of 
unusual  size  .  .  •  182 

XL.  On  Winds,  or  Atmospherical  Currents  185 

Sect.  i.  General  Remarks  on  the  Nature  and  Origin  of  Winds, 
Trade* Winds,  Monsoons,  Partial  Winds,  and  Hur- 
ricanes .  •  •  ib* 
ii.  Methodical  Arrangement,  Intensity,  and  Velocity 

of  Winds  .  .  .  205 

iii.  Perennial,  or  Trade. Winds  .  207 

It.  Periodical  Winds  •  •  211 

1.  Tropical  Sea.  Winds,  or  Monsoons  •  ib* 

2.  Etesian  Wind  .  :  217 
S.  Tropical  Land. Wind                       .                        219 

4.  Khumseen  .                      •                      222 

5.  Sirocco                 .  ,                  •                   22S 

6.  Long-Shore  Wind  •                  .                 224 

7.  Land  and  Sea  Breezes  ,                        225 

8.  Harmattan  •                      *                      226 
V.  Topical  or  Toral  Winds  .                         232 

1.  Samiel,  or  Samyel                  .                   •  ib* 

2.  Simoom                 •                 .                  •  233 

3.  Mistral,  or  Circius,  and  Autun               •  234 
Ti.  Occasional  Winds ;  as  Hurricanes,  Tempests,  Tor- 
nados, and  Whirlwinds               .             .  235 

1.  Hurricanes  of  the  West  Indies                 .  ib. 

2.  Hurricanes  of  the  Indian  Coast              .  238 

3.  Hurricane  in  Huntingdonshire,  Sept.  8,  1741  344 

4.  Tempest  at  Wigton,  Cumberland              *  240 

5.  General  Remarks  on  Tornados,  or  Whirlwinds  248 

6.  Dreadful  Whirlwind  nt  Cambridge,  New  l^wgl^nd  240 

7.  yVhirlwia^  at  Corae  Abbas^  Dorsetshlrt  251 


CONTENTS  OF  VOL,  IV.  V 

8.  Account    of   two    considerable    Harricanes   in 

Northamptonshire                 .                 ,  252 

P.  Fiftrj  Whirlwind  in  Norfolk                 •  25S 

^      10.  Whirlwinds  of  Sand                .                 .  ib. 

XLI.  On  the  Prester,  or  Water-Spout             ,  256 

Sbct.  i.  General  Remarks                    •                    «  ib. 

ii.  Genuine  Presters,  or  Water.Sponts                 •  963 

I.  Observed  in  the  Mediterranean                 ;  ib. 

2«  In  the  Moors  of  Lancashire                     •  205 

3.  Near  the  Lipari  Islands                     •  260 

Hi.  Mimic  Water-Spouts                                  •  267 

1.  At  Hatfield,  Yorkshire                      •  ib. 

2.  Another  at  same  place                :                 •  268 
3*  In  Lincolnshire                  •                   •  269 

XLII.  General  Nature  and  Properties  of  the  Electric 

Fluid                .               .                 .  «70 

Sect.  L  Its  relation  to  common  Matter                   •  ib. 

il  Communication  and  Velocity  of  Electricity  275 

ill.  Atmospherical  Electricity                       .  207 

XUn.  Electricity  of  Thunder  and  Lightning  300 

SiCT.  L  General  History  of  this  Interesting  Discovery  ib. 

il  Invention  and  Curious  Properties  of  the  Electrical 

Kite                ....  305 

iii.  Means  of  preventing  Mischief  from  Lightning  308 
ir.  Thnnder»Storms  remarkable  for  their  Violence  or 

Effects                   .                   .                   .  312 

T.  Death  of  Professor  Richman  by  Lightning  353 

XLIV.  On  Ma-netism              .              .              .  362, 

Sect.  i.  General  Remarks  on  the  Theory  of  Magnetism  ib. 

ii.  On  the  Cause  of  the  Change  in  the  Magnetic  Needle  377 

iii.  Magnetic  Experiments                 •                 .  387 

XLV.  Aurora  Borealis  and  Australis                 -  393 

Sect.  i.  General  History  and  Remarks             .              •  ib.* 

ii.  Surprising  Lights  in  the  Air,  March  6,  1716  400 

iii.  Lumen  Boreale,  or  Streaming                    •  414 

i?.  Remarkable  Red  Lights  seen  in  various  places  in 

the  Air,  Dec.  16,  1737                 .                 .  416 

T.  Account  of  Luminous  Arches                   .  421 

XLVI.  Blazing  Balls  and  Burning  Stones             .  425 

Sect.  i.  General  Remarks                 .                •                •  ib. 

i<.  Various  Extraordinary  Meteors,  or  Lights,  in  the 

Sky                     .                     .                     .  427 

iii.  Blazing  Meteor  seen  all  OTer  England,  March  1 9, 

1719                                         .                    :  432 

It.  Meteor  of  a  Flaming  Sword  seen  in  Yorkshire,  and 

elsewhere                       •                       •  441 

T.  Luminous  Meteor  at  Peckham                 •  442 

tL  Tarloui  Fiery  Meteors^  wHb  Obiervationi  %« 


VI  CONTENTS  OP  VOL,  IV. 

Chap.  Page 
Sect.  vii.  Various  Fiery  Meteors,  with  Balls  that  have  de- 
scended to  the  Earth                 .                 .  457 
Tiii.  Observations  on  Fire. Balls                     .  4GO 
iz.  Aerolites,  or  Meteoric  Stones                 •              »  468 

1.  General  History  and  Obseriations              .  ib. 

2,  Lunar,  or  Selenitic  Origin  of  Meteoric  Stones  475 
X.  Falling  or  Shooting  Stars                .                .  492 

XLVII.  On  Luminous  and  Burning  Exhalations  under 
the  Names  of  Ignes  Fatui;  Will-u-the- 
Wisps  ;  Jack  -  o  -  Lanthorns  ;  Mariner's 
Lights ;  and  St.  Helmo's  Fires  .  49-* 

Sect.  i.  General  Remarks  .  .  ib. 

ii.  Of  the  Ignis  Fatuus,  as  observed  in  England  498 

iii.  Luminous    and    Inflammable    Exhalations  on  the 

Snows  of  the  Appennines  .  .  501 

IT.  Fiery  Exhalations  or  Damp,  that  set  on  Fire  various 

Hay  Ricks  in  Pembrokeshire  .  502 

XL VIII.  On  Atmospheric  Deceptions,  Fata  Morgana, 
Mirages,  Glamer  or  Looming,  Halos,  Mul- 
tiplied Rainbows ;  Parhelions  and  Parascle- 
nites,  or  Mock-Suns,  and  Mock-Mooiis; 
Glories;   Refraction  of  Iceland  Crystal  504 

Sect.  i.  Explanation  of  the  principle  of  Atmospheric  Decep. 

tions  .  .  .  •  ib* 

ii.  Fata  Morgana;  or  Optical  Appearances  of  Figures 

in  the  Sea  and  Air,  in  the  Faro  of  Messina  509 

iii.  Singular  Instance  of  Atmospherical  Rr^fraction,  by 

which  the  Coast  of  Picardy  was  brought  apparently 

close  to  that  of  Hastings  •  .  514 

iv.  On  Refractions  and  Double  Refractions  in  the  Atmo. 

sphere  •  .  •  516 

T.  Parhelia,  or  Mock.Suns,  seen  at  Dantzic  521 

yI.  Pyramidal  Appearance  in  the  Heavens,  observed  in 

Essex  .  .  .  522 

Tii.  Parhelia  at  Sudbury,  Suffolk  .  523 

Tiii.  Two  Mock.Suns  and  an  Arc  of  a  Rainbow  in- 

verted  .  .  ,  524 

ix.  Beautiful  Irridescent  Arches  in  a  Mist  .  520 

X.  Peculiar  Solar  and  Lunar  Irises  in  South  America       528 
xi.  Lunar  Rainbow  in  Derbyshire  .  529 

xii.  Description  of  a  Glory  on  Mount  Realt,  near  the 

Vale  of  Clwyd  .  .  530 

XUX.  Of  Sounds  and  Echoes  .  .  533 

S£CT.  i.  General  Observations  on   the    Nature  of   Sound, 

Whispering  Domes,  and  Echoes  ,  ib« 

ii.  Extraordinary  Whispering  Places  and  Echoes  546 

iii.  Singular  Sympathetic  Action  of  Two  Pendulum 
Ciocks  on  each  other  .  547 


THB 

GALLERY 


OP 


NATURE  AND  ART 


PART  I. 

N  A  TV  B  E. 


BOOK  II. 
GEOLOGY, 

[COVTIVUXD.] 


CHAP.  XXXIV. 

ATMOSPHERICAL    DBPARTMENT* 

We  now  adTunce  to  tbe  atmospherical  pbaBOomena  of  th« 
science  of  Geology^  ip  the  extcnsiTe  sense  in  which  we  have  em« 
ployed  this  term ;  and  slial]  proceed  to  a  brief  saryey  of  whateroc 
is  most  curious  or  worthy  of  obseryation  in  the  compositioa  of 
the  Atmosphere ;  the  fariation  of  Climate;  the  extremes  of  Heat  and 
Cold ;  the  existence  of  Electricity  and  electric  Powers,  as  Thunder 
and  Lightning,  Aurora  Borealis,  Water-spouts  ;  Falling-stars,  and 
Ignes  Fatui ;  Echoes,  Wind,  Uiir/ricanes,  and  Storms;  the  origin  of 
Mist,  Dew,  Sleet,  Snow^  Mirages,  or  Fata  Morgana,  Meteoric^ 
Stones,  and  Tarious  other  appearances  connected  with  or  depen- 
dent upon  the  preceding ;  and  which  colkctiyely  constitute  thp 
Science  of  Meteorology. 
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CHAP.  XXXV. 

OBNERAL  NATURE  OF  THE  ATMOSPHERE. 

JL  HE  atmosphere  is  that  ioYisible  elastic  fluid  which  sarroDnds  the 
earth  to  an  unknown  height,  and  incloses  it  on  all  sides.  It  was 
thus  denominated  by  the  Greeks  in  consequence  of  the  Tayours 
which  are  continually  mixing  with  it,  or  combined  in  it*«  In 
contemplating  the  nature  of  the  atmosphere  there  are  two  points 
of  considerable  importance  to  be  attended  to,  respecting  which 
therefore  we  shall  offer  a  summary  of  the  best  established  facts  and 
opinions  of  the  present  day  ;  and  these  are  the  materials  that  enter 
into  its  composition,  and  the  changes  to  which  it  is  liable. 

SECTION    I. 

Composition  of  the  Atmosphere, 

Neither  the  properties  nor  the  composition  of  the  atmosphere 
teems  to  hare  occupied  much  of  the  attention  of  the  ancients. 
Arbtotle  considered  it  as  one  of  the  four  elements,  situated  be- 
tween  the  regions  of  water  and^re,  and  mingled  with  two  exha^ 
laiionsjiht  dry  and  moist ;  the  first  of  which  occasioned  thunder, 
lightning,  and  wind ;.  while  the  second  produced  rain,  snow,  aod 
liail.  The  ancients,  in  general,  seem  to  have  considered  the  blue 
colours  of  the  sky  as  essential  to  the  atmosphere ;  and  several  of 
Aeir  philosophers  believed  that  it  was  the  constituent  principle  of 
other  bodies,  or  at  least  that  air  and  other  bodies  are  mutually 
convertible  into  ea/ch  other.     Thus  Lucretius  : 

Semper  enlm  qaodcooqoe  fluit  de  rebus,  id  omne 

Aerh  In  awgnuai  fertor  mare :  qui  niil  contra 

Corpoim  retribnat  rebuny  recreetque  fluenteiy, 

Omoia  jaai  rcaolttla  foreat,  et  in  aem  verou 

Hand  Ififur  cetnt  gigni  de  rebus  et  ie  res 

Recidere  atsidoey  quoniam  fluere  omnia  constat*  Libm  v.  974. 


*  From  •r/«oC|  a  vapour,  and  o'^t^y  a  spherew 


COMPOSITION  09  THB  ATMOSPHBmB.  < 

All  duit  pours  proftne 
From  thiogSv  perpetMl,  the  vast  oceAo  joins 
Of  air  subUne  i  which  if  to  tbias>  ^Siin 
Paid  not,  thos  bsdlanciag  the  loss  sostain'dy 
All  loCo  air  would  diiiipate  and  die. 
Ifcoce,  born  from  tbiofs,  to  things  air  still  retams 
Ceaseless,  as  prove  thoir  ioclnating  forms.  Good. 

Bat  these  opinions  cootiBoed  ia  tke  state  of  yagae  conjectmes^ 
till  tiie  matter  was  ezpUioed  by  tlie  sagacity  of  HakS|  and  of  those 
(Jiilosophers  who  followed  his  iiloetfioiis  career. 

It  was  not  till  the  time  of  Baoon,  who  first  taught  BiaBkiBd  te 
inreitjgate  natural  phenomenal  that  the  atmosphere  began  to  be 
btestigated  with  prectsien.  Galileo  introduced  the  study  bijr 
pointii;^  out  its  weight ;  a  snlyect  which  was  soon  after  faiTeitigrtM 
completely  by  Torricelliy  Pascbaly  &c  Its  density  and  eteftiflllf 
were  ascertained  by  Boyle  and  the  Florence  Academicians^  Ma» 
riotte  measured  its  dilatability ;  Hooke,  Newton,  Boyle,  Derw 
ham.  poiuted  out  its  relation  to  light,  to  sound,  and  to  electrL 
city.  Newton  eiphiined  the  eAct  produced  upon  it  by  moistup^ 
from  which  Hailey  attempted  to  explain  the  chaises  ia  its  weight 
ifldicated  by  the  barometer.  But  a  complete  enumeration  of  flm 
discoTcries  made  upon  the  atmosphere  in  general  belongs  to  fmeii* 
maiics;  a  science  which  treats  professedly  of  the  mechanical  pro- 
perties of  air. 

The  knowledge  of  the  component  parts  of  the  atmosphere  did 
net  keep  pace  with  the  inTestigation  of  its  roechsnical  properties. 
The  opinions  of  the  earlier  chemists  concerning  it  are  too  vagno 
and  absurd  to  merit  any  particular  notice.  Boyle,  howe?er,  and 
)a»  contemporaries^  put  it  beyond  doubt  that  the  atmosphere 
taioed  two  distinct  substances.  1.  An  elastic  fluid 
by  the  name  of  air,  %  Water  in  a  state  of  vapour.  Besides 
tkese  two  bodies,  it  was  supposed  that  the  atmosphere  eontalnpd 
a  great  Tariety  of  other  substances,  which  were  continually  mia* 
ing  with  it  from  the  earth,  and  which  often  altered  its  propertiefy 
and  rendered  it  noxious  or  fatal.  Since  the  disco? ery  of  carb^c 
acid  gas  by  Dr.  Blacky  it  has  been  ascertained  that  this  elastic  iai4 
always  constitutes  a  part  of  the  atmosphere.]  The  conitituent  partp 
of  the  atmosphere  therefore  are, 
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4  ATMOSPHERIC   AIR. 

1 .  Air,  3.  Carbonic  acid  gas, 

%  Water,  4.  Unknown  lK)dies. 

These  shall  form  the  subject  of  the  four  following  Sections. 

l^Thomson^s  Chemistry  * 

SECTION    II. 

Atmoipheric  Air, 

TnE  woni  Air  seems  to  have  been  used  at  first  to  denote  the 
atmosphere'  in  general ;  but  philosophers  afterwards  restricted  it 
to  the  elastic  fluid,  which  constitutes  the  greatest  and  the  roqst 
Important  part  of  the  atmosphere,  excluding  the  water  and  the 
otiier  foreign  bodies  which  are  occasionally  found  mixed  with  it. 
Fdff  many  years  all  permanently  elastic  fluids  were  considered  aa 
iir,  from  whatever  combinations  they  were  extricated,  add  sup. 
peaed  to  possess  exactly  the  same  properties  with  the  air  of  the 
atmosphere.  It  is  true,'Jndeed,  that  Van  Helmont  suspected  that 
elastic  fluids  possessed  different  properties ;  and  that  Boyle  ascer. 
laiaed  that  all  elastic  fluids  are  not  capable  of  supporting  combat 
Hon  like  air.  But  it  was  not  till  the  discoyeries  of  Cavendish  and 
Priestley  had  demonstrated  the  peculiar  properties  of  a  variety  of 
eiattic  fluids,  that  philosophers  became  sensible  that  there  exiiited 
various  species  of  them.  In  consequence  of  this  discovery,  the 
word  air  became  generic,  and  was  applied  by  Priestley,  and  the 
%itish  and  Swedish  philosophers  in  general,  to  all  pemlanentlj 
«k6tic  fluids^  while  the  air  of  the  atmosphere  was  distinguished  bj 
tile  epithets  of  common  or  atmospheric  air :  but  Macquer 
thODght  proper  to  apply  the  term  gasy  first  employed  by  Van 
Hehnont^  to  all  permanently  elastic  fluids  except  common  air,  and 
tooonfine  the  term  air  to  this  last  fluid.  This  innovation  was  scarcely 
oeoessary ;  but  as  it  has  now  been  generally  adopted,  it  will  be 
pveper  to  follow  it.  By  the  word  air,  then,  in  this  Section,  is 
aieent  only  common  air^  or  the  fluid  which  forms  by  far  the  greatest 
pert  of  the  atmosphere. 

'  The  foreign  bodies  which  are  mixed  of  united  with  air  in  the  at. 
MHphere  are  so  minute  in  quantity  compared  to  it,  that  they  have 
W^  lery  sensible  influence  on  its  properties.  We  may  therefore 
caoosider  atmospheric  air,  when  in  its  usual  state  of  dryuesS|  atf 
aiifficientlj  pare  for  examinatioo. 
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1.  Air  is  an  elailic  fluid,  in?isible  indeed,  but  euily  recdguli. 
ed  by  its  properties.  Its  sp^iSc  gmTity,  according  to  the  expe« 
riments  of  Sir  Greoi^e  Shackbnrgh,  wlien  the  barometer  Is  at  SO 
inches,  and  the  thermometer  between  5(fi  and  60^,  is  asnally  reck*, 
oned  1*000:  It  is  816  times  lighter  than  water.  One  handrtd 
cubic  inches  of  air  weigh  31  grains  troy. 

But  as  air  is  an  elastic  fluid,  and  compressed  at  the  surface  of 
the  earth  by  the  wliole  weight  of  the  incumbent  atmosphere^  Ks 
dennty  diminishes  according  to  its  height  aboTe  the  surface  of  the 
earth*  From  the  experiments  of  Paschal,  Delnc,  General  Roy^ 
&c.  it  has  been  ascertained,  that  the  density  diminishes  in  the  nu 
tio  of  the  compression.  Consequently  the  density  decreases  in  n 
geometrical  progression,  while  the  heights  increase  in  an  arithme- 
tical progression. 

Buguer  had  suspected,  from  his  observations  made  on  tho 
Andes,  that  at  considerable  heights  the  density  of  the  air  is  no 
longer  proportional  to  the  compressing  force  * ;  but  the  ezperU 
ments  of  Saussure  junior,  made  upon  Mount  Rose,  have  demon* 
strated  the  contrary  f. 

3«  Although  the  sky  is  wall  known  to  hare  a  blue  colour,  yet 
it  cannot  be  doubted  that  air  itself  is  altogether  colourless  and  in« 
▼isible.  The  blue  colour  of  the  sky  is  occasioned  by  the  Tapourt 
which  are  always  mixed  with  air,  and  which  hare  the  property  of 
reflecting  the  blue  rays  more  copiously  than  any  other.  This  has 
'been  proved  by  the  experiments  which  Saussuro  made  with  his 
cyanometer  at  diflerent  heights  aboTC  the  surface  of  the  earth. 
This  instrument  consisted  of  a  circular  band  of  paper,  divided, 
into  fifty-one  parts,  each  of  which  was  painted  with  a  difi*erent 
shade  of  blue  ;  beginning  with  the  deepest  mixed  with  black,  to 
tlie  lightest  mixed  with  white.  \\q  found  that  the  colour  of  the 
sky  always  corresponded  with  the  deepest  shade  of  blue  the  higher 
the  observer  is  placed  above  the  surface  ;  consequently,  at  a  cev« 
tain  height,  the  blue  will  disappear  altogether ,  and  the  sky  appei^r 
black  ;  that  is  to  say,  will  reflect  no  light  at  all.  The  colour  be- 
comes always  lighter  in  proportion  to  the  Tspours  mixed  with  the 

air.     Hence  it  is  ei idently  owing  to  them  :^. 

^    ■     '  ■    ■  .       II  III  ,  .1  < 

•  Mem.  Par.  1753.  p.  515.  i-  Jour,  de  Pliys.  xixvi.  98, 

f  San^Mire,  Voyages  dans  les  Alpes,  i?.  988. 
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3*  For  0U117  ages  air  was  considered  as  an  eleaent  or  simple 
Mbstanoe.  For  the  knowledge  of  its  compommt  parts,  we  are 
indebted  to  the  lalK>urs  of  those  philosophers  in  whose  hands  che« 
nistrj  adranced  with  such  rapidity  daring  the  last  forty  years  of 
the  18th  century.  The  first  step  was  made  by  Dr.  Priestley  hi 
1774)  by  the  discorery  of  oiygen  gas.  Thi|  gas,  according  to 
file  prcTalling  theory  of  the  time,  he  considered  as  air  totally  de- 
prived of  phlogiston ;  azotic  gas,  on  the  other  hand,  was  air  sa« 
tnrated  with  phlogiston.  Hence  he  considered  common  air  as 
oxygen  gas  combined  with  an  indefinite  portion  of  phlogiston, 
y^tLtying  in  parity  according  to  that  portion  ;  being  always  the 
purer  the  smaller  a  qnantity  of  phlogiston  it  contained. 

While  Dr.  FViestlcy  was  making  experiments  on  oxygen  gas, 
Scheele  proceeded  on  the  analysis  of  air  in  a  difierent  manner.  He 
observed  that  the  liquid  snlpbarets,  phosphorus,  aud  various  other 
bodies,  when  confined  along  with  air,  have  the  propt^rty  of  dimi« 
Mishisg  its  balk  ;  and  this  diminution  always  amounts  to  a  certain 
proportion,  which  he  found  to  be  between  a  third  and  a  fourth 
part  of  the  whole.  The  residuum  was  uufit  for  supporting  flame, 
and  was  not  diminished  by  any  of  the  processes  which  diminish 
eoomon  air*  To  this  residuum  he  gave  the  name  of  foui  air. 
From  these  experiments,  he  concluded  that  air  is  a  compound  of 
two  different  elastic  fluids :  namely,  foul  air^  which  constitutes 
sore  than  two-thirds  of  the  whole,  and  another  air^  which  is 
sJone  capable  of  supporting  flame  and  animal  life.  This  last  air 
ke  extricated  from  nitre  by  heat,  from  the  black  oxide  of  man. 
ganese,  and  from  other  substances,  and  gave  it  the  name  of  empjf* 
real  air.  He  showed  that  a  mixture  of  two  parts  of  foul  air  and 
ime  part  of  empyreal  air,  possesses  the  proportion  of  common 
air*. 

The  fonl  air  of  Scheele  was  the  same  with  the  phlogisticated  air 
of  Pl-lestley,  or  with  what  is  now  known  by  the  name  of  azidic 
ga$.  His  empyreal  air  is  the  same  with  the  dephlogteticated  air 
of  Priestley,  or  with  what  is  at  present  called  oxygen  gas.  Ac* 
cording  to  him,  therefore,  air  is  a  compound  of  two  parts  of 
azotic  and  one  part  of  oxygen  gas.  He  accounted  for  the  diminii^ 
tlon  of  air  by  the  liquid  sulphurets  and  other  similar  bodies  by 


■^  - 


Scheele  00  Mr  and  Fire,  p.  7,  ftc.  En^.  Transl. 


ATM OSPHBmiC  AIK.  7 

kif  (fcaorf  of  Uw  eoMposition  of  caloric,  whicli  be  considered  m  a 
CMipoand  of  phlogiston  and  oxygen  gas.  According  to  hini|  tke 
pldogiston  of  the  sulpburet  combines  with  the  oxygrn  of  the  air, 
ud  (MSies  throogh  the  Tessels  in  the  state  of  caloric,  vbiie  ibe 
iiotic  gu,  which  hat  no  affinitj  for  caloric,  is  left  b^'hind. 

WJuie  Scheele  was  occupied  with  his  eip<»rinienUon  air«  LaTonier 
ns  assidoousljr  employed  on  the  same  subject,  and  was  led  by  a  di^ 
fereot  road  to  precisely  the  same  conclosion  as  Scheele.  By  oaidisiag 
Bercuiy  in  a  ressel  filled  with  common  air,  and  heated  to  the  boiL 
iog  point  of  mercury,  he  abstracted  the  greater  part  of  its  oxygen 
gu ;  and  by  heating  the  red  oxide  thus  formed,  he  reconverted  it 
into  nercary,  while  at  the  same  time  a  quantity  of  oxygen  gas 
wu  extricated.  The  residuum  in  tiie  first  experiment  possessed 
the  properties  of  azotic  gas  ;  but  when  the  oxygen  gas  extricated 
from  the  mercury  was* added  to  it,  the  mixture  assumed  again  the 
properties  of  common  air.  Hence  he  concluded  that  air  is  com* 
poied  of  axotic  gas  and  oxygen ;  and  from  a  yariety  of  experi* 
nentshe  determined  the  proportions  to  be  73  parts  of  azotic  gas 
and  27  parts  of  oxygen  gas.  iJe  demonstrated,  too,  (hat  whan 
sir  if  diminished  by  liquid  sulphurets,  metals,  &c.  the  oxygen  gas 
which  u  abstracted  combines  with  the  sulphurets,  &c  and  con. 
ferts  them  into  acids  or  oxides  according  to  their  respectire  na» 
tare. 

Air,  then,  is  a  compound  of  oxygen  and  azotic  gas  :  but  it 
becomes  a  question  of  considerable  consequence  to  determine  the 
proportion  of  these  two  ingredients,  and  to  ascertain  wlietherthat 
proportion  is  in  erery  case  the  same.  Since  azotic  gas,  one  of  the 
component  parts  of  that  fluid,  cannot  be  separated  by  any  sub- 
stance with  which  chemists  are  acquainted,  the  analysis  of  air  can 
ooly  be  attempted  by  exposing  it  to  the  action  of  those  bodies 
vhich  hare  the  property  of  absorbing  its  oxygen.  By  these  bo- 
dies the  oxygen  gas  is  separated,  and  the  azotic  gas  is  left  behind^ 
and  the  proportion  of  oxygen  may  be  ascertained  by  the  diminn* 
tion  of  bulk  ;  which  being  once  known,  it  is  easy  to  ascertain  the 
proportion  of  azotic  gas,  and  thus  to  determine  the  exact  relatife 
quantity  of  the  component  parts  of  air. 

After  the  composition  of  the  atmosphere  was  known  to  philoso- 
phersy  it  was  taken  for  granted  that  the  proportion  of  its  oxygen 
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Ttriei  at  different  timet  and  ia  different  places ;  and  that  ii|)Oft 
tiiit  Tariation  depended  the  purity  or  noxious  qualities  of  air. 
Hence  it  became  an  object  of  the  greatest  importance  to  get  pos* 
aession  of  a  metliod  to  determine  readily  the  quantity  of  oxygen  in 
a  gi?en  portion  of  air.  Accordingly  Tarious  methods  were  pro* 
posed,  all  of  them  depending  upon  the  property  which  many  l)o. 
dies  possess,  of  absorbing  the  oxygen  of  the  air  without  acting 
upon  its  azote.  These  bodies  were  mixed  with  a  certain  known 
quantity  of  atmospheric  air  in  graduated  glass  Tessels  in?erted  orer 
water,  and  the  proportion  of  oxygen  was  determined  by  the  diml. 
nation  of  bullc,*  These  instruments  receiTed  the  name  of  eudiome* 
t9r$9  because  they  were  considered  as  measures  of  the  purity  of 
air.  The  eudiometers  proposed  by  different  chemists  may  be  re. 
daeed  to  fiVe. 

!•  The  first  eudiometer  was  made  in  consequence  of  Dr.  Priest* 
ley's  discoreiry,  that  when  nitrous  gas  is  mixed  with  air  over  wa. 
ter,  the  bulk  of  the  mixture  diminishes  rapidly,  in  consequence  of 
the  combination  of  the  gas  with  the  oxygen  of  the  air  and  the  ab« 
aorption  of  the  nitric  acid  thus  formed  by  the  water.  When  ni« 
troiis  gas  is  mixed  with  azotic  gas,  no  diminution  at  all  takea 
place.  When  it  is  mixed  with  oxygen  gas  iu  proper  proportions, 
tlM  absorption  is  complete.  Hence  it  is  evident,  that  in  all  cases  of 
a  mixture  of  these  two  gases  the  diminution  will  be  proportional 
lo  the  quantity  of  the  oxygen.  Of  course  it  will  indicate  the  pro- 
portion of  oxygen  in  air ;  and  by  mixing  it  with  different  portions 
•4>f  air,  will  indicate  the  different  quantities  of  oxygen  which  thejr 
contain,  provided  the  component  parts  of  air  be  susceptible  of  va. 
riation.  Dr.  Priestley's  method  was  to  mix  together  equal  builds  of 
air  and  nitrous  gas  in  a  low  jar,  and  to  transfer  the  mixture  into  a 
narrow  graduated  glass  tube  about  three  feet  long,  in  order  to  mea. 
eure  the  diminution  of  bulk.  lie  expressed  this  diminution  by  the 
nnmber  of  hundred  parts  remaining.  Thus,  suppose  he  had  mixed 
together  equal  parts  of  nitrous  gas  and  air,  the  sum  total  of  this 
mixture  was  200  (or  3*00) :  suppose  the  residuum  when  mea. 
sured  in  the  graduated  tube  to  amount  to  104  (or  1*04),  and  of 
course  that  96  parts  of  the  whole  had  disappeared,  he  denoted  the 
purity  of  the  air  thus  tried  by  104.  A  more  convenient  instrument 
^aa. invented  by  Dr. Falconer  of  Bath;  and  Foutana  greatly  tm« 
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]»of  ed  Ait  nethod  of  meaaariog  the  purity  of  air.  A  doMriptliMl 
of  bis  eudioneter  wu  published  by  Ingenhouis  in  the  iuBl  f  olaoM 
«f  his  Eiperiments ;  but  it  was  Mr^Carendish  who  first  brooghl 
this  endiometcr  to  such  a  state  of  precisioa  as  to  be  enabled  to 
oscertaia  correctly  the  constituents  of  air.  Ills  method  was  to  pwt 
136  measores  of  nitrons' gas  into  a  glass  fessel,  and  to  let  up  into 
K>eTj  slowly  100  measures  of  the'  air  to  be  eiumined,  agitating 
the  vessel  containing  the  nitrons  gas  daring  the  whole  tiase.  The 
diminution  of  bolk  when  the  process  was  obndooted  in  this  way 
was  almost  uniform.  The  greatest  was  110,  the  least  I00'8 ;  the 
mean  106*2.  The  Tarlation  he  foond  to  depend,  not  upon  the  air 
examined,  but  upon  the  slate  of  the  water  in  which  the  eiperimeat 
was  made.  If  this  experiment  was  rerersed,  by  letting  up  tiM 
nitrous  gas  to  common  air,'  he  used  100  measures  of  each|  and  tlie 
diminution  in  that  case  was  only  00  measures. 

This  constancy  in  the  diminution  of  the  bulk  of  all  the  diiercut 
specimens  of  common  air  examined,  induced  Mr.  Cavendbh  to  ooo^ 
dade  that  the  proportion  between  the  oxygen  and  asote  in  con- 
mon  air  does  not  Tary.  To  find  the  absolute  quantity  of  oiygot 
in  air,  he  mixed  together  oxygen  gas  and  aaota  in  various  propor- 
tions, and  at  last  found  that  a  mixture  of  10  measures  of  the  purest 
oxygen  which  he  could  procure  with  38  measures  of  azote,  was 
just  as  much  diminished  by  the  nitrous  gas  as  the  same  bulk  oC 
common  air.  Hence  be  concluded  that  air  is  composed  of  10  parts 
by  bulli  of  oxygen  and  38  of  azote,  which  gives  us  for  its  compo* 
sUion  per  ceatm 

79*16  azote 
20*84  oxygen 


100-00 
or  very  nearly  2 1  per  cent,  of  oxygen  gas  *• 

Other  philosophers^  who  did  not  pay  that  rigid  attention  to  pr^. 
cision  which  characterises  all  Mr.  CaTendish^s  experiments,  ob. 
tained  Tariable  results  from  the  nitrous  gas  eudiometer.  Most  of 
Ihe  circumstances  which  occasion  the  Tariation  were  pointed  oUt 
by  CaTendish  ;  but  they  si>em  to  have  escaped  the  obser? ation  of 
succeeding  chemists.     Humboldt's  attempt  to  render  the  cudiomei. 


♦  Pbil.  Trans.  1808,  p.  107. 
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ler.  of  FoBtetia  accurate  did  not  lacceed*.  Bat  Mr.Dtltoo  has 
hMy  explained  the  anoaialias  in  a  Tery  luminous  mauQer*  Ac* 
oordiog  to  this  philosopher,  oxygen  gas  and  nitrous  gas  are  capable 
•Ctiniting  in  two  proportions:  21  measures  of  oxygen  gas  oDitiog 
eitheff  with  36  measures  of  nitrons  gas,  or  with  twice  36,  =  72 
MMSuret •  Both  of  these  compounds  are  soluble  in  water.  If  the 
lalbe  be  wide,  a  considerable  portion  of  nitrous  gas  comes  at  once  in 
oontact  with  the  oxygen.  Hence  the  latter  gas  combines  with  a  maxi. 
mm  of. nitrons,  especially  if  agitation  be  employed.  In  a  narrow 
tube  the  oxygen  combines  with  the  minimum  of  nitrous'  gas,  pro. 
Tided  no  agitation  be  employed,  and  the  residue  be  poured  soon  into 
another  res.sol.  When  intermediate  proportions  are  used,  tiie 
absorption  will  be  intermediate.  Mr.  Dalton  recommends  a  narrow 
tube ;  the  nitrous  gas  is  to  be  only  in  the  pruportion  requisite  to 
form  the  minimum  combinatiou;  no  agitation  is  to  be  employed.; 
and  when  the  diminution  is  completed,  the  gas  must  be  transferred 
to  another  tube.  To  100  uieasnres  of  air  add  about  36  of  nitrous 
gas ;  note  the  diminution  of  bulk,  and  multiply  it  by  7.19th8;  the 
product  gires  the  bulk  of  oxygen  in  the  air  examined  +. 

In  order  to  get  rid  of  the  anomalies  which  had  perplexed  former 
experimenters,  Mr.Oa?y  proposed  to  employ  the  nitrous  gas  in  a 
diierent  state.  He  caused  sulphate  or  muriate  of  iron  to  absorb 
this  gas  to  saturation,  and  employed  the  dark  brown  liquid  thus, 
obtained  to  depriTe  air  of  its  oxjgen.  A  small  graduated  glass 
tube^  filled  with  the  air  to  be  examined,  is  plunged  into  the  nitrous 
(olntioD,  and  moved  a  little  backwards  and  forwards.  The  whole 
of  the  oxygen  is  absorbed  in  a  few  minutes.  The  state  of  greatest 
absorption  ought  to  be  marked,  as  the  mixture  afterwards  emits  a 
little  gas,  which  would  alter  the  result.  By  means  of  this  Mr. 
DaTy  examined  the  air  at  Bristol,  and  found  it  always  to  contain 
about  0*2 1  of  oxygen.  Air  sent  to  Dr.  Beddoes  from  the  coast  of 
Guinea  gave  exactly  the  same  result. 

2*  For  the  second  kind  of  eudiometer  we  are  indebted  to 
Scheele.  It  is  merely  a  graduated  glass  vessel,  containing  a  given 
quantity  of  air  exposed  to  newly  prepared  liquid  alkaline  or  earthy 
tolphurets,  or  to  a  mixture  of  iron  filings  and  sulphur,  formed  into 
a  paste  with  water.    These  substances  absorb  the  whole  of  the 

•  Ana.  xxvii.  |i.  f  DalU»n,  Phil.  Mag.  xxiii.  351. 
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nttnta  of  the  air,  wbicb  conrerts  a  porHon  of  tfie  aalphar  ioto  an 
add.  The  oiygen  contained  ia  the  air  thoa  eaamined,  ia  judgoA 
if  by  the  dimiaatton  of  balk  which  the  air  haa  aadorgone.  TUi 
BMthod  is  not  only  exceedingilf  aimpie,  bat  it  reqoirea  Teij  Uttia 
addreaS|  and  j^t  Is  aasceptibla  of  aa  great  accaracy  aa  any  other 
wbaterar.  The  oaly  objectioa  to  which  it  ia  liable  ia  ita  alowaaii; 
for  whan  the  qaaatity  of  air  operated  oa  ia  eonatderable,  aereial 
day  a  elapse  before  the  dioaiaation  haa  reached  its  roaximani. 

Bat  this  objection  haa  been  completely  obvfailad  by  Mr*  Da 
Marti,  who  lias  brought  Schcele*a  eudtometer  to  a  atate  of  perihflb 
tloB.  He  fonad  that  a  mixture  of  iron  filings  and  snlphar  doea  not 
answer  well,  becaaae  it  emita  a  amall  qaantity  of  hydrogen  gai| 
eroWed  by  the  action  of  the  aulporic  acid  formed  npon  the  Iron ; 
bat  the  hydrogareted  anlphnrets,  formed  by  boiling  together  aal« 
phnr  and  li(|riid  potash  or  lime  water,  answered  the  porpoae  per* 
Iect1y«  These  substances,  indeed,  when  newly  prepared,  hare  the 
property  of  absorbing  a  small  portion  of  azotic  gas ;  but  they  loan 
this  pH>peTty  when  aaturated  with  that  gas,  which  is  easily  effected 
hy  agitating  them  for  a  few  minutes  with  a  small  portion  of  at. 
nsospheric  air.  Hia  apparatus  is  merely  a  glass  tube,  ten  Inchaa 
long,  and  rather  less  than  half  an  inch  in  diameter,  open  at  one 
end,  and  hermetically  6i*aled  at  the  other.  The  cloae  end  is  di- 
vided into  100  eqi^al  pirts,  haring  an  interral  of  one  line  between 
each  dirision.  The  use  of  this  tube  is  to  measure  the  portion*  of 
air  to  be  employed  in  the  experiment.  The  tut>e  is  filled  with  wa« 
ter;  and  by  allowing  the  water  to  run  out  gradually  while  the  tube 
is  iuTerted,  and  the  open  end  kept  shut  with  the  finger,  the  gradu. 
ated  part  is  exactly  filled  with  air.  Those  hundred  parts  of  air  are 
introduced  into  a  glass  bottle  filled  with  liquid  sulphnret  of  lime 
preTiously  saturated  with  azotic  gas,  and  capable  of  holding  from 
two  to  four  times  the  bulk  of  the  air  introduced.  The  bottle  is 
then  to  be  corked  with  a  ground  glass  stopper,  and  agitated  for  fire 
minutes.  After  this  the  cork  is  to  he  withdrawn  while  the  mouth 
of  the  phial  is  under  water;  and  for  the  greater  security,  it  may  be 
corked  and  agitated  agaiu.  After  this,  the  air  is  to  be  again  trans, 
ferred  to  th<'  graduated  glass  tube,  in  order  to  ascertain  the  dimi- 
nution of  its  bulk  *. 

*  Jour,  de  Ph}S.  lii.  170. 
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Air  exanuned  bj  this  proeets  snffers  precisely  the  smme  dimins* 
lion  in  whaterer  circumstaoces  the  experiments  are  made  :  no  ta* 
station  is  obserred  whether  the  wind  be  high  or  low,  or  from  what 
qaarter  soe?er  it  blows  ;  whether  the  air  tried  be  moist  or  dry,  hot 
^r  cold  ;  whether  the  barometer  be  high  or  low.  Neither  the  sea* 
of  the  year,  nor  the  situation  of  (he  place^  its  Ticinity  to  the 

I,  to  marshes,  or  to  mountains,  make  any  difference.  Mr.  Do 
Marti  found  the  diminution  always  between  0*21  atid  0*23. 
- '  3.  The  third  kind  of  eudionleter  was  proposed  by  Volta.  The 
-iobstance  employed  by  that  philosopher  to  separate  the  oxygen 
from  the  air  was  hydrogen  gas.  His  method  was  id  mix  giren 
proportions  of  the  air  to  be  examined  and  hydrogen  gas  in  a  gra- 
jduated  glasttube  ;  to  fire  the  mixture  by  an  electric  s[)ark  ;  and 
to  judge  of  the  purity  of  the  air  by  the  bulk  of  the  residuum.  This 
method  has  been  lately  examined  by  Gay  Lussac  and  Humboldt* 
They  have  found  it  susceptible  of  great  precision.  It  is  one  of  the 
simplest  and  most  elegant  methods  of  estimating  the  proportion  of 
oxygen  air.  When  100  measures  of  hydrogen  are  mixed  with 
•$00,  or  any  greater  bulk  of  oxygen,  up  to  900  measures,  the  di« 
minotion  of  bulk  after  detonation  is  always  l46  measures.  The 
same  diminution  is  obtained  if  the  hydrogen  be  increased  up  to  a 
certain  quantity.  The  result  of  their  trials  is,  that  100  measures 
of  oxy^n  gas  require  300  of  hydrogen  for  complete  combustion, 
which  coincides  very  well  with  the  triaU  pre? iously  made  in  this 
country.  Hvnce  the  method  of  using  this  eudiometer  is  rery 
simple  s  Mix  together  equal  bulks  of  the  air  to  be  examined  and 
of  hydrogen  gas,  ascertain  the  diminution  of  bulk  after  combus- 
tion, divide  it  by  three,  the  quotient  represents  the  number  of 
measures  of  oxygen  in  the  air.  A  great  number  of  trials,  in  dif« 
ferent  seasons  of  the  year,  of  mixtures  of  200  measures  of  air  and 
as  much  hydrogen,  gave  almost  uniformly  a  diminution  of  bulk 
amounting  to  1^6  measures.  Now  the  third  of  1C6  is  42,  the 
quantity  of  oxygen  is  200  measures  of  air.  Hence  100  parts  of 
air,  according  to  these  trials,  contain  21  of  oxygen  *• 

4.  In  the  fourth  kind  of  eudiometer,  the  abstraction  of  the 
oxygen  of  air  is  accomplished  by  means  of  phosphorus.  -  This 
eudiometer  was  first  proposed  by  Achardf.     It  was  considerably 

•  Joar.  de  Phys.  Ix.  129.  t  Ibid.  1784,  vol.  i. 
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hoprofed  by  Rebool  *,  and  by  Segnin  and  LftToiiier  f ;  bit  Ber* 
tbollet  i  has  lately  brought  it  to  a  state  of  perfection. 

Instead  of  the  rapid  combastion  of  phosphoms,  this  but  pUI«b 
•opher  has  snbstitnted  its  spontanooos  combnstion,  which  absorbs 
t]ie  oxygen  of  air  completely ;  and  when  the  quantity  of  air  opo« 
rated  on  is  small,  the  process  is  orer  in  a  short  time.  The  wholo 
ipparatns  consists  in  a  narrow  graduated  tube  of  glass  containing 
the  air  to  l>e  examined,  Into  which  is  Introduced  a  cylinder  of 
phosphorus  fixed  upon  a  glass  rod,  while  the  tube  stands  In? erted 
ofer  water*  The  phosphorus  should  be  so  long  as  to  traveno  ' 
learly  the  whole  of  the  air.  Immediately  white  Tapours  rise  from 
the  phosphorus  and  fill  the  tube.  These  continue  till  tho  wholo  of 
the  oxygen  combines  with  phosphorus.  They  consist  of  phoi* 
phorous  acid,  which  falls  by  its  weight  to  the  bottom  of  the  nssel^ 
and  is  absorbed  by  the  water.  The  residuum  is  merely  the  axotio 
gas  of  the  air,  holding  a  portion  of  phosphorus  in  solution* 
BerthoUet  has  ascertained,  that  by  this  foreign  l>ody  Its  bulk  is 
increased  I •40th  part.  Consequently  the  bulk  of  the  residuum^ 
dlmmislied  by  1«40th,  gires  us  the  bulk  of  the  asotio  gas  of  the 
air  examhied ;  whidi  bulk,  substracted  from  the  original  bums  d 
tiTf  gives  us  the  proportion  of  oxygen  gas  contained  in  It  (• 

All  the  difierent  experiments  which  hare  been  made  by  means 
of  this  eudiometer  agree  precisely  in  their  result,  and  indicate 
tliat  the  proportions  of  the  ingredients  of  air  are  always  the  same ; 
namely,  about  0*21  parts  of  oxygen  gas,  and  0*70  of  azotic  gas. 
Berthollet  found  thfse  proportions  in  K;^pt  and  in  France,  and 
they  haTe  been  found  constantly  in  Edinburgh,  in  all  the  difierent 
seasons  of  the  year. 

Thus  it  appears,  that  whateVer  method  is  employed  to  abstract 
oxygen  from  air,  the  result  is  uniform,  provided  the  experiment 
may  be  precisely  made.  1  hey  all  indicate  that  common  air  con* 
ststs  very  nearly  of  21  parts  of  oxygen  and  70  of  azote.  Scheele 
and  Lavoiiier  found  27  per  cent,  of  oxygen,  bat  their  methods 

*  Ann.  de  Chim.  xiii.  38. 

f  Ann.  de  Chim.  ix.  293* 

t  Ibid,  zzxiv.  73*  and  Jour,  dc  TEcolc  Palytechn.  I.  Hi.  971* 

^  A  very  conTenient  Apparattw  for  makin^c  riiiliometrical  nperimeots,  hat 
ki(Hy  been  invented  by  Mr.  Pcpys,  and  dcscrilied  by  him  ia  Pbll.  Traos.  fur 
Ib07. 


14  ATMOSFHBmiC  WATEB. 

weie  not  susoapliUe  of  preciiioo.  Air,  tbea,  dots  not  lary  in 
its  compoMtion ;  tlie  proportioii  between  its  constituents  Is  con« 
flant  in  nil  places  and  in  all  heights.  Gay  Lussa^  examined  air 
luraq§ht  from  the  height  of  more  than  S 1 1000  feet  abote  Pteis,  and 
fonnd  it  precisely  the  same  as  the  air  at  the  earth's  sarftce*. 

B«t  21  cable  inches  of  oxygen  gas  weigh  9*14  gratos,  and  79 
indMs  of  aiote  weigh  td'9686  grains.  These  added  toother 
nmonnt  to  3ri08(>  grains^  which  on^t  to  be  the  weight  of  ICO 
inches  of  common  air.  Bat  this  is  somewhat  greater  tlmn  the 
weight  of  100  ioches  of  air,  according  to  Sir  John  Shackbvrgh 
Svelyn's  experiments,  who  found  it  only  31*0197  graios.  The 
diftrence  is  not  great,  and  is  probably  owing  to  a  small  error  in 
the  specific  gra? ities  of  the  difierent  gases.  According  to  this  es» 
tissate,  100  pinrts  of  air  are  composed  by  weight  of . 

22*91  oxygen 

77*09  asote 


100-000 
,    [Mr.Dalton  considers  air  as  merely  a  mechanical  mixture  of  tbo 
two  gases  of  which  it  is  componnded.    But  all  other  chemists  con* 
sider  it  as  a  chemical  compound  t  most  of  them  as  a  compound  of 
asote  and  oxygen  holding  each  other  in  dissolution. 

[Tkomion's  Chemisirj^J] 

ascTioN  III.  m 

Asmospheric  JPater. 

That  the  atmosphere  contains  water  has  been  always  known. 
The  rain  and  dew  which  so  often  precipitate  from  it,  the  clouds 
and  fogs  with  which  it  is  often  obscured,  and  which  deposite 
moistare  on  all  bodies  exposed  to  them,  bare  demonstrated  its  ex- 
istence in  ereryage.  Eien  when  the  atmosphere  is  perfectly 
transparent,  water  may  be  extracted  from  it  in  abundance  by  cee- 
tain  substances.  Thus,  if  concentrated  sulphuric  acid  be  exposed 
to  air,  it  gradually  attracts  so  much  moisture,  that  its  weight  is 
increased  more  (haa  three  times :  it  is  conrerted  into  diluted  acid, 
from  which  the  water  may  be  separated  by  distillation.    Substances 

•  Phil.  Mag.  xxi.  225. 
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wliich  bare  the  propertj  of  abstracUng  water  firom  tfae  atmoiplere 
hate  received  tlie  epithet  of  kygroicopiCy  beeavie  tbej  point  ool 
tbe  preeenee  of  that  water.     Solphoric  acid,  the  fixod  alkaHoif 
mariate  of  lime,  nitrate  of  Hme,  and  in  general  all  deHqueioent 
lalts,  poMees  tbii  property.     Tbe  greater  nnmber  of  aninwl  anl 
fegetable  bodies  likewise  possess  it.    Many  of  them  take  water 
from  moist  air,  but  give  it  ont  again  to  the  air  when  dry.     Tlieeo 
bodies  angment  in  bnlk  when  they  receire  molstore,  and  dIminiA 
again  wben  they  part  with  it.     Hence  some  of  them  fiaro  keea 
employed  as  kygrometert,  or  measures  of  tbe  qnahtity  of  molrtniO 
eontained  in  the  air  around  them.     This  they  do  by  mean*  of  the 
increase  or  diminntion  of  their  length,  occasioned  by  the  addMoA 
er  abstraction  of  moisture.     This  change  of  length  is  precisely 
marked  by  means  of  an  Index.     The  roost  ingenione  and  adcntafo 
hygrometers  are  those  of  Saassare  and  Delnc.      In  tbe  f  rst^  tke 
substance  employed  to  mark  tlie  moistore  is  a  homan  halr^  which 
by  its  contractions  and  dilatations  is  made  to  turn  round  an  hsdev. 
In  the  aecond,  instead  of  a  hair,  a  rery  fine  thin  slip  of  wkaW* 
bone  is  employed.    The  ieale  is  di? ided  Into  1 00^.    The  beglnnf ng 
of  the  scale  indicates  extreme  dryness,  the  end  of  It  Indicates  ex;. 
treme  moisture*     It  is  graduated  by  placing  It  first  in  air  mmi^  na 
dry  as  possible  by  means  of  salts,  and  afterwards  In  air  saturated 
with  moisture.    This  gires  the  extremes  of  the  scale,  and  the  ia« 
ter\'al  between  them  is  dirided  into  100  equal  parts. 

Since  it  cannot  be  doubted  that  the  atmosphere  always  contaim 
water,  there  are  only  two  points  which  remain  to  be  inrestigated: 
1.  The  state  in  which  that  water  exists  in  air;  2.  The  quantity 
which  a  giren  bulk  contains. 

I.  With  respect  to  the  state  in  which  water  exists  In  air,  two 
opinions  have  been  formed^  each  of  which  has  been  supported  by 
Tcry  able  philosophers.  1.  Water  mny  be  dissolved  in  air  in  tlie 
same  manner  as  a  salt  is  held  in  solution  by  water.  ^,  It  may  be 
mixed  with  air  In  the  state  of  steam  or  vapour,  after  having  been 
converted  into  vapour. 

1.  The  first  of  those  opinions  was  hinted  at  by  Dr.  Hookc  In 
iiis  Mkrographiay  and  afterwards  proposed  by  Dr.  Halley ;  but 
it  was  much  more  fully  developed  by  Mr.  Le  Roy  of  Montpelieir 
in  17^1-  Dr.  Hamilton  of  Dublin  made  known  the  same  theory 
about  tlic  same  time.  The  phacnomcna  in  general  coincide  re. 
inarkably  well  with  this  theory.      The  q^uautity  of  water  which 
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ftir  ti  ctptble  of  holding  in  fiolotion  is  increased  by  erwj  tngmefu 
ption  of  Cemperatore,*  and  diminished  by  cold,  which  is  pre. 
eiielf  analogoos  to  ilmost  all  other  solrents.  These  analogies, 
pnd  seferai  others  which  will  easily  suggest  themselres  to  the 
feeder,  hare  indaced  by  far  the  greater  nnmber  of  philosophers  to 
idopt  this  opinion. 

.  %  The  second  theory,  namely,  that  water  exists  In  air  in  the 
state  of  vapour,  hss  been  embraced  by  Deluc  in  his  last  treatise 
on  Meteorology ;  at  least  his  reasoning  appears  to  me  to  lead  to 
that  conclusion. .  But  it  is  to  Mr,  Dalton  that  we  are  indebted  for 
the  most  precise  information  on  the  subject*.  The  following 
reasons  put  the  truth  of  this  opmion  almost  beyond  the  reach  of 
oontforersy. 

In  thejini  place.  It  cannot  be  doubted  that  the  water  which 
eilsts  in  air,  is  derired  originally  from  the  waters  on  the  surface 
of  the  earth,  which  are  exposed  to  the  action  of  the  atmosphere. 
Accordingly  we  find  that  water,  when  exposed  to  the  air,  suffers 
•a  grsdual  diminution  of  bulk,  and  at  last  disappears  altogether. 
This  diminution  of  the  water  may  be  owing,  either  to  its  gradual 
solution  in  air,  or  to  its  conyertjon  into  yapour.  The  last  is  the 
common  opinion,  as  the  phenomenon  Is  in  common  language  as* 
cribed  to  the  eviqmrmtion  of  the  water.  When  water  is  placed  in 
.  an  exhausted  receiver,  it  dimtnbhes  in  bulk  even  more  rapidly 
than  in  the  open  air.  In  this  case,  as  no  air  is  present,  we  can 
only  ascribe  the  diminution  of  bulk  to  the  conTersion  of  the  water 
into  Tapouc.  A  ccordingly  we  find,  upon  examination,  that  the 
xeceirer  is  actually  filled  with  water  in  the  state  of  rapour.  The 
presence  of  this  vapour  very  soon,  by  its  elasticity,  pots  an 
end  to  the  evaporation  of  the  water.  Now,  since  water  dis. 
appears  equally  whether  air  be  present  or  not,  and  exactly 
in  the  same  manner,  it  is  reasonable  to  ascribe  its  disappear, 
ing  in  both  cases  jto  the  same  cause.  But  in  the  exhausted  receiver 
it  is  converted  into  vapour.  Hence  it  is  probable  that  it  Is  con* 
verted  into  vapour  also  in  the  open  air ;  and  if  so,  it  must  exist 
in  air  in  the  state  of  vapour. 

In  the  second  place,  if  the  disappearing  of  water  exposed  to  the 
open  air  were  owing  to  solution  and  not  to  evapora^iou,  it  ought 
certainly  to  disappear  more  rapidly  when  it  is  exposed  to  the  action 
of  a  great  quantity  of  air  then  when  to  a  small  quantity  ;  for  the 

*  Manchester  Memoirs,  ▼.  p.  517. 
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qatntiij  of  an j  bod j  diisolTcd  is  alwayi  proportfonal  to  tho  qaaiu 

tity  of  die  soWeat.      But  tlie  Terj  contrary  b  wkat  actnally  takta 

pUoe  with  respect  to  (he  water  contained  in  the  air.    Saussure  has 

profed  that  water  eyaporates  mach  faster  at  great  heights  than  at 

the  surface  of  the  earth,  OTen  when  the  temperature  and  tho 

■outare  of  tho  air  in  both  places  are  the  same.     By  compering  a 

Mt  of  experiments  made  npoo  the  CoLdn-Geant,  at  the  height  oC 

11,^5  feet  aboTe  the  leTel  of  the  sea,  with  a  similar  set  made  at 

Genera,  1324  feet  abore  the  lerel  of  the  sea,  he  ascertained,  that 

npposiog  tbe  temperature  and  the  dryness  of  the  air  in  both 

places  the  same,  the  quantity  of  water  eraporated  at  Genera  b  to 

tkt  eraporated  on  the  Col-du.Geant  in  the  same  time  and  samo 

circumstances  as  37  to  84,  or  nearly  as  3  : 7.     Now  the  air  oa^ 

tbe Col*du.Geant  is  about  one-third  rarer  then  at  Genera;  so 

tkat  the  diminution  of  about  one-third  in  the  density  of  the  air 

.Bore  than  double  the  rate  of  eraporation*.    This  is  precisely 

vhat  onght  to  be  the  case,  pro? ided  the  water  which  disappears 

■ixes  with  the  air  in  the  state  of  vapour  only ;  but  the  rery  con* 

tnry  onght  to  hoU|,  if  the  water  disappeared  in  consequence  oC 

tbe  soWent  power  of  air. 

In  the  third  pbce,  it  has  been  demonstrated  by  Dr.  Black,  that 
faponr  b  water  combined  with  a  certain  dose  of  caloric.  Conse* 
Queatly  when  water  b  conrerted  into  yapour,  a  certain  portion  of 
Ciloric  combines  with  it  and  disappears.  If,  therefore,  there  is 
the  same  waste  of  caloric  whenever  water  passes  from  a  liquid 
itate,  and  enters  into  the  atmosphere  as  a  component  part,  wo 
btfe  reason  to  conclude  that  it  enters  into  the  atmosphere  only  in 
tbe  state  of  raponr.  But  it  is  a  well  l^nown  fact  that  cold  is  always 
goienUcd  during  spontaneous  crape  ration ;  that  is  so  say,  that  tho 
vtter  as  it  disappears  carries  off  with  it  a  quantity  of  caloric*  It 
b  well  known,  that  when  a  wet  body  is  exposed  to  the  air,  its 
tenperatnre  is  lowered  by  the  evaporation  which  takes  place  upon 
its  surface.  Ilence,  in  warm  countries  water  is  cooled  by 
pstUng  it  into  porous  vessels,  and  exposing  it  to  the  air* 
-"The  water  penetrates  through  the  vessels,  evaporates  from 
tbeir  surface,  and  carries  off  so  much  heat,  as  even  in  soma 
tsses  to  freeze  the  water  in  the  vessel.  Saussure  observed,  that 
the  eraporatioD  from  the  surface  of  melted  snow  caused  it  to  freexo 

*  SavL9%nrt's  Yoyagti  dam  let  Atpet ,  it.  963* 
Toi. ir.  c 
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•*gain  when  the  temperature  of  the  surrounding  air  was  4*5*  abore 
tke  freeaing  point.  Dr,  Black  has  rendered  it  probable  that  the 
quantity  of  caloric  which  disappears  during^  spontaneous  erapofa- 
tion,  'is  as  great  as  that  which  is  necessary  to  conrert  water  into 
steam.  We  have  a  right  then  to  conclude,  that  water^  when  it 
eraporates  spontaneously,  is  always  conrerted  into  Tapour,  and 
of  conrso  that  it  is  only  in  that  state  (hat  it  enters  into  the  atmo. 
sphere. 

In  the  fourth  place,  Mr.  Dal  ton  has  demonstrated,  that  the 
water  which  exbts  in  air,  possesses  precisely  the  same  degree  of 
elasticity  that  it  does  when  in  the  state  of  a  Tspour  in  a  Tacnnm 
at  the  same  temperature.  Hence  it  follows  irresistibly  that  it 
etists  in  air,  not  in  the  state  of  water,  but  of  an  elastib  fluid  or  ra- 
pour. 

We  are  authorised  to  conclude,  then,  that  the  water  which 
exists  in  the  atmosphere  is  in  the  state  of  Tapour.  This  Tapour  is 
held  in  solution  by  the  air  precisely  as  one  species  of  gas  is  by  ano* 
ther.  Hence  the  reason  why  it  is  so  difficult  to  separate  it,  and 
why  it  is  capable  of  undergoing  a  considerable  degree  of  compres* 
sion  without  assuming  the  form  of  a  liquid. 

II.  Many  attempts  has  been  made  to  measure  the  quantitj  of 
water  contained  in  air;  but  Saussure  was  the  first  who  attained 
any  thing  like  precision.  This  ingenious  philosopher  has  shown, 
in  his  Hygrometrical  Essays,  that/on  English  cubic  foot  of  air, 
when  saturated  with  water,  at  the  temperature  of  66%  contains 
only  about  eight  grains  troy  of  that  liquid,  or  about  l-67th  of  its 
weight.  But  the  experiment  of  Mr.Dalton  was  susceptible  of 
more  precision.  As  the  greatest  part  of  the  water  of  the  atmo* 
^fitere  is  in  the  state  of  rapour,  the  elasticity  of  which  depends 
upon  the  temperature,  it  is  obfious  that  this  elasticity,  provided 
it  can  be  ascertained,  must  measure  the  quantity  of  rapour  which 
exists  in  the  atmosphere,  the  temperature  being  the  same.  The 
elasticity  or  force  of  rapour  was  determined  by  this  ingenious 
philosopher  in  the  following  manner,  which  had  been  originally 
eontrired  by  Le  Roy  :  he  took  a  tall  cylindrical  glass  jar,  dry  on 
the  outside,  and  filled  it  with  cold  spring  water  fresh  from  the 
well :  if  dew  was  immediately  formed  on  the  outside,  he  poured 
fhe  water  out,  let  it  stand  the  while  to  increase  in  temperature, 
dried  the  ontside  of  the  glass  well  with  a  linen  doth^  and  then 
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ponrtd  th«  water  in  tgaiiu  TIdt  optrttiMi  was  to  be  eootiaiMd 
till  tkm  dew  ceucd  to  be  fonned,  and  then  tlM  tenperatate  of  tbe 
water  waa  obaer? ed ;  and  oppoeito  to  it  ia  tlM  Table  wai  Ibaad 
the  force  of  vapoar  la  the  atmosphere.  Thie  eiperlBMiit  nait  be 
coiidacted  in  the  open  are^  or  at  a  window  $  becavte  the  air 
within  if  generallj  BU>re  humid  than  that  withont  Spring  water 
ii  generalljmboat  60^,  and  will  moitlj  answer  Oe  pnrpose  of  the 
three  liottest  months  in  liie  year :  in  otiier  seasons  an  artificial 
cold  miztars  is  required. 

From^Dalton's  experiments  it  follows  that  the  qnantitf  of  iWm 
poar  in  the  atmosphere  is  tariable  in  qnantitj.  In  the  torrM 
sone  its  force  Taries  from  0*6  to  one  inch  of  mercorj •  In  Britain 
it  seldom  amonots  to  0*6,  Jbat  is  often  as  great  as  0*5  during 
sammer.  In  winter  it  is  often  as  iow  as  0*1  of  an  inch  of  mer* 
caryf. 

These  iscts  would  enable  us  to  ascertain  the  absolnto  quantity 
of'  vapour  contained  in  the  atmosphere  at  any  giren  time,  pro» 
Tided  wo  were  certain  that  the  density  and  elasticity  of  Tapours 
foltow  precisely  the  same  law  as  that  of  gases,  as  is  extremely 
likely  to  be  the  case.  If  so,  the  vapour  will  raiy  from  ^  to 
r^  part  of  the  atmosphere.  Dalton  supposes  that  tbe  medium 
quantity  of  vapour  held  ia  solution  at  once  in  the  atmosphere  may 
aoMHint  to  about  yV  ^^  ^^'  bulkf. 

[nomson'i  Chemhiry. 

SECTION  IV. 

Aimoipheric  Carbonic  AciiL 

The  existence  of  carbonic  acid  gas  as  a  constituent  part  of  the 
itmo'-phcre,  was  observed  by  Dr.  Black  immediately  after  he  had 
ascertained  the  nature  of  that  peculiar  fluid.  If  we  expose  a  pare 
alkali  or  alkaline  earth  to  tbe  atmosphere,  it  is  gradually  coo- 
verted  into  a  carbonate  by  the  absorption  of  carbonic  acid  gas. 
This  fact,  which  had  been  long  known,  rendered  the  inference, 
that  carbonic  acid  gas  existed  in  the  atmosphere,  unavoidable,  as 
soon  as  the  difierence  between  a  pure  alkali  and  Its  corbonate  had 

•  Dalt«D,  Mancheiter  Memoin,  V.  547. 
^  Phil.  Mag.  siiii.  353. 
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been  ascertaioed  to  idepeod  vpoQ  that  acid.  Not  only  alkalies 
ajad  alkaline  earths  absorb  carbonic  acid  when  eiposed  to  the  air, 
but  sereral  of  the  metallic  oxides  also.  Heuce  the  reason  that  we 
lo  often  find  the  natiTe  oxides  in  the  state  of  carbonates.  Thus 
^ust  \b  always  saturated  with  carbonic  acid* 

Carbonic  acid  gas  not  only  forms  a  constituent  part  of  the  at- 
mosphere n^ptr  the  surface  of  the  earth,  but  at  the  greatest  heights 
]vhich  the  industry  of  man  has  been  able  to  penetrate.  Saussure 
found  it  at  the  top  of  Mount  Blanc,  the  highest  point  of  the  old 
continent ;  a  point  covered  with  eternal  snow,  and  not  ezj^ed 
to  the  influence  of  vegetables  or  animals.  Lime.water  diluted 
irith  its  own  weight  of  distilled  wate/,  formed  a  pellicle  on  its  sur. 
face  after  an  hour  and  three  quarters  exposure  to  the  open  air  on 
t^at. mountain ;  and  slips  of  paper  moistened  with  pure  potash, 
acquired  the  property  of  effervescing  with  acids  after  being  exposed 
an  bour  and  a^half  in  the  same  place  *.  Now  this  was  the  height 
so  less  than  16,668  feet  above  the  level  of  the  sea;  Humboldt  has 
Viore  lately  ascertained  the  existence  of  this  gas  in  air  brought  by 
Mr.  Garnerin  from  a  height  not  less  than  -4280  feet  above  the  sur. 
face  of  the  earth,  to  which  height  he  had  risen  in  an  air.balloonf  • 
fhis  fact  is  a  sufllcient  proof  that  the  presence  of  carbonic  acid  in 
air  does  not  depend  upon  the  vicinity  of  the  earths 

The  difficulty  of  separating  this  gas  from  air  has  rendered  it 
difficult  to  determine  with  accuracy  the  relative  quantity  of  it  in  a 
given  bulk  of  air.  From  the  experiments  of  Humboldt,  it  appears 
to  viiry  from  0*005  to  0*0 !• 

Mr.  Dalton's  experiments  give  the  quantity  much  smaller.  He 
found,  that  if  a  glass  vessel  filled  with  102,400  grains  of  rain  water 
be  emptied  in  the  open  air,  125  grains  of  lime  water  be  poured  in, 
find  the  mouth  then  closed  ;  by  sufficient  time  and  agitation,  the 
whole  of  the  lime  water  is  just  saturated  with  the  carbonic  acid 
which  it  finds  in  the  inclosed  volume  of  the  air :  but  125  measures 
of  lime-water  require  70  measures  of  carbonic  acid  gas  to  saturate 
them.  Hence  he  concludes,  that  air  contains  only  1.1400th  of 
^ts  bulk  of  carbonic  acid  j:. 
^  .   From  the  previous  experiments  of  Mr.  Cavendish,  however,  we 


•  Saussure^i  Voyages,  iv.  199.  +  Jour,  de  Phyt,  xUii.  S02, 
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learn  tiiat  nme.water  it  not  capable  of  deprifing  air  of  tlio  whoto 
oi  its  carbonic  acid.  A  portion  stUi  remains,  whicli  can  onlj  be 
separated  eitlier  by  miilL  of  lime,  or  by  repeated  wasliings  with  noir 
doses  of  lime-water.  Hence  tlie  qnantity  of  carboi^  acid  in  air 
mast  be  considerably  greater  tban  it  was  fonnd  by  Dalton.  I  do 
not  know  exactly  the  meaning  of  limemwater  being  juii  wmiuraim 
edy  nnless  it  signifies  that  it  refuses  to  absorb  any  m^re  gas.  In 
that  case  the  whole  ot  the  lime  is  held  in  solution  by  the  acid.  It 
mast  be  difficult  to  a&certain  the  exact  point  of  saturation  accord* 
ing  to  this  sense  of  the  word.  We  may  conclude,  howefor,  from 
DaUon's  experiment,  that  the  bulk  of  carbonic  acid  in  air  doea 
not  nnch  exceed  1.1000th  of  the  atmosphere  ;  bat  it  is  liable  to 
variation  from  different  circumstances.  Immense  quantities  of 
carbonic  add  must  be  constantly  mixing  with  the  atmosphere,  as 
it  is  formed  by  the  respiration  of  animals,  by  combnstion,  and 
sereral  other  processes  which  are  going  on  continnally.  The 
quantity,  indeed,  which  is  daily  formed  by  these  processes  is  so 
great,  that  at  first  sight  it  appears  astonishing  that  the  gas  doea 
not  Increase  rapidly.  The  consequence  of  such  an  increase  would 
be  Ihtal,  as  air  containing  0*1  of  carbonic  acid  extinguishes  ligiity 
and  is  noxious  to  animals.  But  we  shall  find  reason  afterwards  to 
conclude,  that  this  gas  U  decomposed  by  vegetables  as  rapidly  as 
it  is  ibrmed. 

[Thomson's  Chemistry, 

SECTION  V. 

Atmospheric  unknown  Bodies^ 

From  the  three  preccdiDg  Sections,  we  see  that  the  atmosphere 
consists  chiefly  of  three  distinct  clastic  fluids  united  together  by 
chemical  affinity;  namely,  air,  Tapour,  and  carbonic  acid  gas; 
differing  in  their  proportions  at  different  times  and  In  different 
places  I  but  that  the  average  proportion  of  each  is 

98-9  air 
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Bat  besides  these  bodies,  which  may  be  considered  as  the  const!, 
tneot  parts  of  the  atmosphere,  tlie  existence  of  sereral  other  bo* 
dies  lias  been  suspected  in  it*  I  do  not  mean  in  this  place  to 
inclode  among  those  bodies  eledtric  matter,  or  the  substance  of 
clouds  and  fogs,  and  those  other  bodies  wliich  are  considered  aa 
the  actite  agents  in  the  phaenomena  of  meteorology,  but  to  confine 
myself  merely  to  those  foreign  bodies  which  haTO  been  occasion- 
ally found  or  suspected  in  air.  Coneeming  these  bodies,  how* 
ever,  Tery  little  satisfactory  is  known  at  present,  as  we  are  not  in 
possession  of  instruments  suflUctently  delicate  to  ascertain  their 
presence.  We  can  indeed  detect  several  of  them  actually  mizin|^ 
wHh  air,  but  what  becomes  of  them  afterwards  we  are  unable  to 
say. 

1.  Hydrogen  gas  is  said  to  have  been  found  in  air  situated  near 
the  crater  of  rolcanoes,  and  it  is  Tery  possible  that  it  may  exist 
always  in  a  Tery  small  proportion  in  the  atmosphere ;  but  this 
cannot  be  ascertained  till  some  method  of  detecting  the  presence 
df  hydf^en  combined  with  a  great  proportion  of  air  be  disco, 
^red.  From  the  experiments  of  Gay  Lussac  and  Humboldt,  it 
appears  that  air  does  not  contain  so  much  as  3.1000th  parts 
bydrogen. 

2.  Carbureted  hydrogen  gas  is  often  emitted  by  marshes  in  con- 
siderable quantities  during  hot  weather.  But  its  presence  has 
neTer  been  detected  in  air;  so  that  in  all  probability  it  is  again  de. 
composed  by  some  unknown  process. 

3.  Oxygen  gas  is  emitted  by  plants  during  the  day*  We  shall 
afterwards  find  reason  to  conclude  that  this  is  in  consequence  of 
the  property  which  plants  haTe  of  absorbing  and  decomposing 
carbonic  acid  gas.  Now,  as  this  carbonic  acid  is  formed  at 
the  expense  of  the  oxygen  of  the  atmosphere,  as  this  oxygen 
Is  again  restored  to  the  air  by  the  decomposition  of  the  acid, 
and  as  the  nature  of  atmospheric  air  remains  unaltered,  it  Is 
clear  that  there  must  be  an  equilibrium  between  these  two 
processes;  that  is  to  say,  all .  the  carbonic  acid  formed  by  com. 
bustion  must  be  again  decomposed,  and  all  the  oxygen  ab- 
stracted must  be  again  restored*  The  oxygen  gas  which  is  thus 
eontinually  returning  to  the  air,  keeps  its  component  parts  always 
at  the  same  ratio. 
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4.  The  smoke  and  other  bodies  which  are  continually  carried 
joto  the  air  by  eTaporation,  Sec*  are  probably  soon  deposited 
again,  and  cannot  therefore  be  considered  with  propriety  as  form- 
ing  parts  of  the  atmoiphere.  fiut  there  is  another  set  of  bodies 
which  are  occasionally  combined  with  air^  and  which,  on  account 
of  the  powerful  action  which  they  produce  on  the  hnman  body, 
have  attracted  a  great  deal  of  atteution.  These  are  known  by  tho 
names  of  matters  of  contugion. 

That  there  is  a  difference  between  the  atmosphere  in  different 
places,  as  far  as  respects  its  effects  upon  the  human  body^  has 
been  considered  as  an  established  point  in  all  ages.  Hence  soma 
places  hare  been  celebrated  as  healthy,  and  others  aToided  as  per^ 
nicions  to  the  human  constitution.  It  is  well  known  that  in  pita 
and  mines  the  air  is  often  in  such  a  state  as  to  s^ffocate  almost 
instantaneously  those  who  attempt  to  breathe  it*  Some  places  are 
haunted  by  peculiar  diseases.  It  is  known  that  those  who  frequent 
the  apartments  of  persons  ill  of  certain  maladies,  are  extremely 
apt  to  catch  the  infection  ;  and  in  prisons  and  other  places,  where 
crowds  of  people  are  confined  together,  when  diseases  once  com* 
Bsence,  they  are  wont  to  make  dreadful  havoc*  In  all  these  cases, 
it  hnM  been  supposed  that  a  certain  noxious  matter  is  dissolved  by 
the  air,  and  that  it  is  the  action  of  this  matter  which  produces  the 
mischief. 

This  noxious  matter  is  in  many  cases  readily  distinguished  by  the 
peculiarly  disagreeable  smell  which  it  communicates  to  the  air* 
No  doubt  this  matter  differs  according  to  the  diseases  which  it 
communicates^  and  the  substance  from  which  it  has  originated. 
MorTeau  lately  attempted  to  ascertain  its  nature  ;  but  he  soon 
found  the  chemical  tests  hitherto  discovered  altogether  insufficient 
for  that  purpose.  He  has  put  it  beyond  a  douht,  however,  that 
the  noxious  matter  which  rises  from  putrid  bodies  is  of  a  com- 
pound nature  ;  and  that  it  is  destroyed  together  by  certain  agents, 
particularly  by  those  gaseous  bodies  which  readily  part  with  their 
oxygen*  He  exposed  air  infected  by  putrid  bodies  to  the  action  of 
various  substances ;  and  he  judged  of  the  result  by  the  effect  which 
these  bodies  had  in  destroying  the  fetid  smell  of  the  air.  The 
following  is  the  result  of  his  experiments. 

1.  Odorous  bodies,  such  as  benzoin,  aromatic  plants,  &c.  have 
BO  effect  whatever.      %  Neither  have  the  solutions  of  myrrh, 
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htrntfAn^  ke.  in  alcohol,  though  agitated  in  infected  air.  3.  Pj*** 
roltgneont  add  is  equally  inert.  4.  Gunpowder^  when  fired  in  in- 
fected air,  displaces  a  portion  of  it ;  but  what  remains  still  re* 
taint  ttf  fetid  odoar.  5.  Sulphuric  add  has  naefiect;  sulphn* 
IJoui  acid  weakens  the  odour,  but  does*  not  destroy  it.  6.  VI* 
Begar  diminishes  the  odour,  but  its  action  is  slow  and  incomplete. 
f.  Acetic  acid  acts  instantly,  and  destroys  the  fetid  odour  of  in* 
fccted  air  completely.  8.  The  fames  of  nitric  add,  first  employed 
Jbj  Dr.  Carmichael  Smith,  are  equally  efiicacious.  9.  Muriatic  acid 
gUf  first  pointed  out  as  a  proper  agent  by  Morvean  himself,  fa 
equally  effectual.  10.  But  the  most  powerful  agent  is  oxymuriatic 
•dd  gas,  first  proposed  by  Mr.  Cruikshanks,  and  now  employed 
with  the  greatest  success  in  the  Britbh  Navy  and  Military  Hot* 
IiHals. 

Thus  there  are  four  substances  which  have  the  property  of  de« 
ttroying  contfigioas  matter,  and  of  purifying  the  air;  but  acetic 
add  cannot  easily  be  obtained  in  sufiident  quantity,  and  in  a  state 
ef  sufficient  concentration,  to  be  employed  with  adfantage.  Nitric 
add  may  be  attended  with  some  incon? enience,  because  it  is  almoat 
always  contaminated  with  nitrous  gas.  Muriatic  acid  and  oxymv* 
riatic  add  are  not  attended  with  these  incouTeniences ;  the  last 
deserves  the  preference,  because  it  acts  with  greater  energy  and 
tepidity.  All  that  b  necessary  is  to  mix  together  two  parts  of 
common  salt  with  one  part  of  the  black  oxide  of  manganese,  to 
place  the  mixture  in  an  open  vessel  in  the  infected  chamber,  and 
to  pour  upon  it  two  parts  of  sulphuric  acid.  The  fumes  of  oxymn» 
fiatic  acid  are  immediately  exhaled,  fill  the  chamber,  and  destroy 
tiie  contagion.  Or  the  oxymuriate  of  lime,  sold  for  the  purposes 
of  the  bleacher,  may  be  mixed  with  sulphuric  add,  and  placed 
is  the  infected  apartment. 

iThomsof^t  Chemi$try. 

SECTION.  TI. 

Fariaiion  of  the  Almosphere^ 

IIating  thus  detailed  the  opinions  of  ancient  and  modern 
writers  on  the  composition  of  the  atmosphere,  we  shall  now  proceed 
to  point  out  briefly  the  variation  it  exhibits  at  difierent  elevations. 
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er  Eoder  other  circviDtCancMy  and  which  efeett  its  weighty  its/iresw 
9ifrr,  or  eUuticitfj  and  its  iemperaiure^ 

1.     Weight  and  Pressure,  or  ElasUciijf  of  the  Atmosphere ; , 
forming  the  Principle  of  Barometers^   and  the  Ascent  4^ 
Balloons. 

Elastic  fluids  tre  distingiiished  from  liquids  by  the  absenee  of 
all  cohesirt  force^  or  bj  their  immediate  tendency  to  expand  whea 
thejr  are  at  liberty.  Such  are  atmospheric  air,  steam,  and  gasist 
of  Tarioos  liinds ;  and  the  consideration  of  these  fluids,  in  tlie  sfafo 
of  rest,  constitates  the  doctrine  of  pneumatostatics,  or  of  the  eqoU' 
librium  of  elastic  flaids. 

That  the  air  is  a  material  snbslance,  capable  of  resitting  prcs. 
sore,  is  easily  sliown,  by  inverting  an  empty  jar  in  water ;  eai 
by  the  operation  of  transferring  airs  and  gasses  from  vessel  to 
vessel,  in  the  pneumatic  apparatus  used  by  chemists*  The  ten- 
dency of  the  air  to  expand  is  shown  by  the  experiment  in  which  « 
flaccid  bladder  becomes  distended,  and  shrivelled  fruit  recovers  ito 
full  sise,  as  soon  as  tlie  external  pressure  is  removed  from  it,  by 
the  operatioo  of  the  air  pump :  and  the  msgnitude  of  this  expaiu 
sire  force  is  more  distinctly  seen,  when  a  portion  of  air  is  inclosed 
io  a  glass  vessel,  together  with  some  mercury,  in  which  the  mouth 
of  a  tube  is  immersed,  while  the  other  end  is  open,  aud  without 
the  vessel ;  so  that  when  the  whole  appsratus  is  inclosed  in  a  very 
long  jar,  and  the  air  of  the  jar  is  exhausted,  the  column  of  mercury 
becomes  tlie  measure  of  the  expansive  force  of  the  air. 

If  the  diameter  of  the  tube,  in  an  apparatus  of  this  kind,  were 
very  small  in  -comparison  with  the  bulk  of  the  air  confined,  the  co. 
lomn  of  mercury  would  be  raised,  in  the  ordinary  circumstances  of 
the  atmosphere,  to  the  height  of  nearly  30  inches.  But  supposing 
the  magnitude  of  the  tube  such,  that  the  portion  of  oir  must  ex« 
pand  to  twice  its  natural  bulk,  before  tiie  mercury  acquired  a 
height  sufficient  to  counterpoise  it,  this  height  would  be  1 5  inches 
only.  For  it  appears  to  be  a  general  law  of  all  elastic  fluids,  that 
their  pressure  on  any  given  surface  is  diminished  exactly  iu  the 
same  proportion  as  their  bulk  is  increased.  If,  therefore^  the  co- 
lomn  of  mercury  in  the  vacuum  of  the  air  pump  were  60  inches 
high,  the  air  would  be  reduced  to  half  Its  natural  bulk ;  and  for 
the  same  reasoo,  the  presanre  of  a  column  of  30  inches  of  mercttiy 


%6  YIEIATION  OF  THE  ATM08PHERB. 

in  the  open  air  will  reduce  any  portion  of  air  to  half  its  bulkf 
since  the  natural  pressure  of  the  atmosphere,  which  is  equal  to 
that  of  about  SO  inches  of  mercury,  is  doubled  by  the  addition  of 
an  equal  pressure.  In  the  same  manner  the  density  of  the  air  in  a 
dWing-bell  is  doubled  at  the  depth  of  34  feet  below  the  surface  of 
the  water,  and  tripled  at  the  depth  of  68  feet.  This  law  was  dis- 
coTered  by  Dr.  Hooke ;  he  found,  however,  that  when  a  yery  great 
pressure  had  been  applied,  so  that  the  density  became  many  tiroes 
greater  than  in  the  natural  state,  the  elasticity  appeared  to  be 
somewhat  less  increased  than  the  density ;  but  this  exception  to 
the  general  law  has  not  been  confirmed  by  later  and  more  accnrate 
experiments. 

Not  only  the  common  air  of  the  atmosphere,  and  other  perma. 
neatly  elastic  gases,  but  also  steams  and  vapours  of  all  kinds,  ap* 
paar  to  be  equally  subject  to  this  universal  law  :  they  must,  how* 
«Tar,  be  examined  at  temperatures  sufficient  to  preserve  them  in  a 
state  of  elasticity  ;  for  example,  if  we  wished  to  determine  the 
force  of  steam  twice  as  dense  as  that  which  is  usually  produced,  we 
should  be  obliged  to  employ  a  heat  30  or  40  degrees  above  that  of 
boiling  water :  we  should  then  find  that  steam  of  such  a  density  as 
to  support,  when  confined  in  a  dry  vessel,  the  pressure  of  a  co« 
lomn  of  30  inches  of  mercury,  would  be  reduced  to  half  its  bnlk 
by  the  pressure  of  a  column  of  60  inches.  But  if  we  increased  the 
pressure  much  beyond  this,  the  steam  would  be  converted  inta 
water,  and  the  experiment  would  be  at  an  end. 

That  the  air  which  surrounds  us  is  subjected  to  the  power  of 
gravitation,  and  possesses  weight,  may  be  shown  by  weighing  a 
vessel  which  has  been  exhausted  by  means  of  the  air-pump,  and 
then  allowing  the  air  to  enter,  and  weighing  it  a  second  time.  In 
this  manner  we  may  ascertain  the  specific  gravity  of  the  air,  even  if 
the  exhaustion  is  only  partial,  provided  that  we  know  the  propor* 
tion  of  the  air  left  in  the  vessel  to  that  which  it  originally  contained. 
The  pressure  derived  from  the  weight  of  the  air  is  also  the  cause  of 
the  ascent  of  hydrogen  gas,  or  of  another  portion  of  air  which  is 
rarefied  by  heat,  and  carries  with  it  the  marks  of  a  fire;  and  the 
effect  is  made  more  conspicuous,  when  either  the  hydrogen  gas,  or 
the  heated  air,  is  confined  in  a  balloon.  The  diminution  of  the 
apparent  weight  of  a  body,  by  means  of  the  pressure  of  the  snr. 
roundiof  air,  k  alio  shown  by  the  destniction  of  tbe  equlAbrlos 
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MweeQ  two  bodies  of  different  deositieti  upon  their  runofal  froa 
tbe  open  air  into  the  Ticuoni  of  an  air-pnmp.  For  this  purpose,  a 
light  hollow  balb  of  glass  may  be  exactly  connterpoised  in  the  air 
by  a  mach  smaller  weight  of  brass,  with  an  indei,  which  thows^ 
on  a  graduated  scale,  the  degree  in  which  the  large  ball  is  made  to 
preponderate  in  the  receiTer  of  the  air  pump,  by  the  rarefaction  of 
(he  air,  letseolog  the  buoyant  power  which  helps  to  support  its 
weight. 

From  this  combination  of  weight  and  elasticity  in  the  atoo. 
sphere^  it  follows,  that  its  upper  parts  must  be  much  more  ran 
than  those  which  are  nearer  tt>  the  earth,  since  the  density  is  ewerj 
where  proportional  to  the  whole  of  the  superincumbent  weight. 
The  weight  of  a  column  of  air  one  foot  in  height  is  one  twen^  eight 
thousandth  of  (he  pressure;  consequently  that  pressure  is  increased 
one  twenty  eight  thousandth  by  the  addition  of  the  weight  of  one 
foot,  and  the  next  foot  will  be  denser  in  the  same  proportion,  siaco 
the  density  is  always  proportionate  to  the  pressure ;  the  pressure 
thus  increased  will  therefore  still  be  equal  to  twenty  eight  thousaud 
times  the  weight  of  the  next  foot.  The  same  reasoning  may  be  conti« 
nned  without  limit,  and  it  may  be  shown,  that  while  we  suppose 
the  height  to  Tary  by  any  uniform  steps,  as  by  distances  of  a  foot 
or  a  mile,  tbe  pressures  and  densities  will  increase  in  continual  pro. 
portion ;  thus,  at  the  height  of  about  3000  fathoms,  the  density 
« ill  be  about  half  as  great  as  at  the  earth's  surface ;  at  the  height 
of  600O,  one  fourth  ;  at  9000,  one  eighth  as  great,  ilence  it  it 
inferred  that  the  height  iu  fathoms  may  be  readily  found  from  the 
logarithm  of  the  number  expressing  the  density  of  the  air:  for  the 
logarithm  of  the  number  2,  multiplied  by  10,000,  is  3010,  the  lo. 
garithms  of  numbers  always  increasing  in  continual  proportion, 
when  the  nuroliers  are  taken  larger  and  larger  by  equal  steps. 
Hence  we  obtain  an  easy  method  of  determining  the  heights  of 
mountains  with  tolerable  accuracy  :  for  if  a  bottle  of  air  were 
closely  stopped  on  tbe  summit  of  a  mountain,  and,  being  brought 
in  this  state  into  the  plain  below,  its  mouth  were  inserted  into  a 
Tessel  of  water  or  of  mercury,  a  certain  portion  of  the  liquid  would 
enter  the  bottle;  this  being  weighed,  if  it  were  found  to  be  one* 
half  of  the  quantity  that  the  whole  bottle  would  contain,  it  might 
be  concluded  that  the  air  on  the  mountain  possessed  only  half  of 
the  natural  density,  and  that  its  height  was  3000  fathoms.    It  ap* 
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pears  also,  from  this  statemrnt^  that  the  height  of  a  eolomn  of 
equal  density  with  any  part  of  the  atmosphere,  equivalent  to  th« 
pressure  to  which  that  part  is  subjected,  is  erery  where  equal  to 
about  98,000  feet. 

Many  corrections  are,  howerer,  necessary  for  ascertaining  the 
heights  of  mountains  with  all  the  precision  that  the  nature  of  this 
liiiid  of  measurement  admits  ;  and  they  inrolre  sereral  determine, 
tions,  which  require  a  prerious  knowledge  of  the  effects  of  heat^ 
and  of  the  nature  of  the  ascent  of  vapours. 

We  may  easily  ascertain,  en  the  same  principles,  the  height  to 
which  a  balloon  will  ascend,  if  we  are  acquainted  with  its  bulk  and 
with  its  weight :  thus,  supposing  its  weight  500  pounds,  and  its 
bulk  such  as  to  enable  it  to  raise  300  pounds  more,  its  specific  gra* 
rity  mn!»t  be  five  eights  as  great  as  that  of  the  air,  and  it  will  coii« 
tinoe  to  rise,  until  it  reach  the  height,  at  which  (he  air  is  of  tlie 
wuae  density:  but  the  logarithm  of  eight- fifths,  multiplied  by 
10,000,  is  2040 ;  and  this  is  the  number  of  fathoms  contained  in 
tiie  height,  "which  will,  therefore,  be  a  little  more  than  two  miles 
and  a  quarter*  It  may  be  found,  by  pursuing  the  calculation,  that 
at  the  distance  of  the  earth^s  semi. diameter,  or  nearly  4000  mtles^ 
above  its  surface,  the  air,  if  it  existed,  would  become  so  rare,  that 
a  cubic  inch  would  occupy  a  space  equal  to  the  sphere  of  Saturn's 
orbit :  and  on  the  other  hand,  if  there  were  a  mine  about  42  miles 
deep,  the  air  would  become  as  dense  as  quicksilver  at  the  bottom 
ofit. 

It  appears,  therefore,  that  all  bodies  existing  on  or  near  the 
earth's  surface,  may  be  considered  as  subjected  to  the  pressure  of 
a  column  of  air,  28,000  feet  high,  supposing  its  density  every  where 
equal  to  that  which  it  possesses  at  the  earth*s  surface,  and  which 
is  usually  such,  that  100  wine  gallons  weigh  a  pound  avoirdupois, 
creating  a  pressure  equal  to  that  of  30  inches  of  mercury,  or  34 
feet  of  water,  and  which  amounts  to  14f^  pounds  for  each  square 
kicb»  This  pressure  acts  in  all  directions  on  every  substance  which 
is  exposed  to  it :  but  being  counterbalanced  by  the  natoral  elastU 
dty  of  these  substances,  it  produces  in  common  no  apparent  ef. 
Iscts ;  when,  however,  by  means  of  the  air-pump,  or  otherwise. 
Hie  pressure  of  the  air  is  removed  from  one  side  of  a  body,  while 
it  continues  to  act  on  the  other,  its  operation  becomes  extremely 
tvideBt.    Thusi  whea  two  hollow  hemispheres,  in  contact  with 
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«ach  other,  are  exhtiisted  of  airi  th«y  are  nitda  to  oohcre  wftii  grttt 
fofce;  they  are  named  Magdeburg  hemispheres,  becaast  Olto  ftoA 
Gaerike,  of  Magdeburg,  constructed  two  such  hemispheres,  of  safL 
ident  magnitude  to  withstand  the  draught  of  the  Emperor's  six 
coach-hones,  pollmg  with  all  their  force  to  separate  thcnu  By  a 
similar  pressure,  a  thin  square  bottle  maj  be  crushed  when  It  if 
foiEcieiitlj  ezhaasled,  and  a  bladder  majbe  torn  with  a  lood  noise: 
and  the  hand  being  placed  on  the  mouth  of  a  ressel  which  is  eon* 
aected  with  die  air*pnmp,  It  is  fixed  to  it  Terj  forcibly,  when  ikm 
eihavftlon  is  performed,  by  the  pressure  of  tlie  air  on  the  back  of 
the  band  ;  the  fluids  aho,  which  circnhUe  In  the  bkKkLvessets  pC 
the  band,  are  forced  towards  its  lower  surface,  and  the  effect  which 
is  called  suction,  is  produced  in  a  ver j  striking  manner.  It  Is  oa 
the  same  principle  that  cupping-glasses  are  employed,  a  partial  cs» 
haustion  being  procured  bj  means  of  the  flame  of  tow,  which  heats 
the  air,  and  expels  a  great  part  of  it  s  so  that  the  remainder,  when 
it  cools,  ii  considerablf  rarefied. 

It  was  Galileo  that  first  explained  the  nature  of  suction  from 
the  effects  of  the  pressure  of  the  atmosphere ;  and  hb  pupil  Torri. 
cell!  confirmed  his  doctrines  bj  empiojiog  a  column  of  mercury,  of 
sufficient  height  to  orercome  the  whole  pressure  of  the  atmosphere, 
and  to  produce  a  Tacuum  in  the  upper  part  of  the  tube  or  ressel 
containing  it*  In  the  operation  of  sucking  up  a  fluid  through  a 
pipe,  with  the  month  or  otherwise,  the  pressure  of  the  air  is  but 
partially  removed  from  the  upper  surface  of  the  fluid,  and  it  be- 
comes  capable  of  ascending  to  a  height  which  is  determined  by  th^ 
difference  of  the  densities  of  the  air  within  and  without  the  cavity 
concerned  :  thus,  an  exhaustion  of  one«foarth  of  the  air  of  the  ca* 
vity  would  enable  us  to  raise  water  to  the  height  of  8|  feet,  and 
mercury  to  7^  inches,  abore  the  level  of  the  reservoir  from  which 
it  rises.  We  can  draw  up  a  much  higher  column  of  mercury  by 
sucking  with  the  muscles  of  the  mouth  only,  than  by  inspiring  with 
the  ehest,  and  the  difference  is  much  more  marked  than  the  dif- 
ference in  the  forces  with  which  we  can  blow ;  for  in  sucking,  the 
cavity  of  the  mouth  is  very  much  contracted  by  the  pressure  of  the 
external  air,  and  the  same  force,  exerted  on  a  smaller  surface,  1$ 
capable  of  coanteractiog  a  much  greater  hydrostatic  or  pneumatic 
pressure. 

When  a  tube  of  glass,  about  three  feet  long,  closed  at  one  end 
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wmi  open  at  tfae  other;  ta  filled  with  merearyj  and  then  iaoierted  i« 
a  baaoo  of  the  same  Avid,  the  pretsare  of  (he  atmosphere  is  whoUy 
maofed  from  the  upper  surface  of  the  mercoury  in  the  tube^  whila 
il  oontinaes  to  act  on  the  mercury  in  the  basoo,  and  by  its  meaat 
oo  tiie  lower  sarface  of  the  colyma  io  the  tube.  If  such  a  tabe  be 
placed  under  the  receirer  of  an  air-pump,  the  mercury  will  sqIi^ 
side  in  the  tube,  accordingly  as  the  pressure  of  the  atmosphere  is 
dindoished ;  and  if  the  exhaustion  be  rendered  rery  perfect,  it  will 
descend  rery  nearly  to  the  lerel  of  the  open  bason  or  reservoir. 
'When  the  air  is  readmitted,  the  mercury  usually  rises,  on  tlie  lefel 
of  the  sea,  to  the  height  of  about  30  inches ;  but  the  air  being 
lighter  at  some  times  than  at  others,  the  height  varies  between  the 
liaiits  of  37  and  31  inches.  This  well  Iinown  instrument,  from  its 
ase  in  measuring  the  weight  of  the  air,  is  called  a  barometer.  la 
the  same  manner  a  column  of  water  from  30  to  35  feet  in  lieight 
mf  be  sustained  in  the  pipe  of  a  pump;  liut  if  the  pipe  were  longer 
than  this,  a  vacuum  would  be  produced  in  the  upper  part  of  it,  and 
tibe  pnmp  would  be  incapable  of  acting. 

In  order  to  observe  the  height  of  the  mercury  in  the  barometer 
with  greater  convenience  and  accuracy,  the  scale  has  sometimea 
been  amplified  by  various  methods ;  either  by  bending  the  upper 
part  of  the  tube  into  an  oblique  position,  as  in  the  dbgonal  baro* 
meter,  or  by  making  the  lower  part  horiaontal,  and  of  much  smaller 
diameter  than  the  upper,  or  by  making  the  whole  tube  straight,  and 
narrow,  and  slightly  conical,  or  by  placing  a  float  on  the  surface 
of  the  mercury  in  the  reservoir,  and  causing  an  axia,  which  carries 
an  index,  to  revolve  by  its  motion.  But  a  good  simple  barometer, 
about  one.third  of  an  inch  in  diameter,  furnished  with  a  vernier,  is 
perhaps  fully  as  accurate  as  any  of  these  more  complicated  instru* 
ments.  In  order  to  exclude  the  air  the  more  completely  from  the 
tube,  the  mercury  most  at  least  be  shaken  in  it  for  a  considerable 
lime,  the  tube  being  held  in  an  inverted  position ;  and  where  great 
accuracy  is  required,  the  mercury  must  be  boiled  in  the  tube. 
The  reservoir  most  commonly  employed  is  a  flat  wooden  box,  with 
a  bottom  c(f  leather;  the  cover,  which  is  unscrewed  at  pleasure, 
being  cemented  to  the  tube.  Sometimes  a  screw  is  made  to  act  on 
the  leather,  by  means  of  which  the  surface  of  the  mercury  is  always 
brought  to  a  certain  level,  indicated  by  a  float,  whatever  portion 
of  it  may  be  contnned  In  the  tube ;  but  ^he  necessity  of  this  ad. 


r 


TSMP8RAT0RB  OP  THB  ATlffOtFBIXB.  SI 

jtistin#iit  may  be  eiitilj  sroided,  by  ullowing  the  mercarj  fo  pfaijr 
frfely  between  tVo  korixontal  snrfjieeB  of  wood,  of  moderate  ex- 
tent, and  at  the  distance  of  one-seTenth  of  an  inch :  the  height  may 
then  be  always  measured  from  the  upper  surface,  without  sensible 
error,  fiot  if  the  surfaces  were  closer  than  this,  the  mercury 
would  stand  too  high  in  the  tube. 

The  Mme  method  which  is  employed  for  determining  the  rdatloii 
between  the  heights  and  dtnsilks  of  elastic  fluids,  may  be  extended 
to  all  bodies  which  are  in  any  degree  compressible,  and  of  which 
the  elasticity  is  subjected  to  laws  similar  to  those  which  are  dis. 
coferabie  in  the  air  and  in  other  gases  ;  and  it  is  not  improbable 
that  tliese  laws  are  generally  applicable  to  all  bodies  in  nature,  u 
fir  as  their  texture  will  allow  them  to  submit  to  the  operation  of 
pressure,  without  wholly  losing  their  form.  W^ter,  for  example, 
hu  i>een  obserred  by  Canton  to  be  compressed  ooe»twenty«two 
thousandth  of  its  buIlL  by  a  force  equal  to  that  of  the  pressure  of 
the  atmosphera ;  consequently  this  force  may  be  represented  by 
that  of  a  column  of  water  750  thousand  feet  in  height ;  the  density 
of  the  water  at  the  bottom  of  ^  lake,  or  of  the  sea,  will  be  in. 
creased  by  the  pressure  of  the  superincumbent  fluid;  and  suppos. 
ing  the  law  of  compression  to  resemble  that  of  the  air,  it  may  be 
inferred  that  at  the  depth  of  100  miles,  its  density  would  be 
doubled  ;  and  that  at  200  it  would  be  quadrupled.  The  same* 
measares  would  also  be  applicable  to  the  elasticity  of  mercury. 
But  there  is  reason  to  suppose  that  they  are  in  both  cases  a  little 
too  small. 

lYoung's  Nat.  Phit. 

Temperature  of  the  Atmosphere. 

That  the  temperature  of  the  air  varies  considerably,  not  only 
in  the  difiercnt  climates  and  in  diflerent  seasons,  but  even  in  the 
^me  place  and  in  the  same  season,  must  be  obrious  to  (he  most 
careless  observer.  This  perpetual  variation  cannot  be  ascribed  to 
the  direct  heal  of  (he  sun  ;  for  the  rays  of  (hat  luminary  seem  to 
produce  no  eflVct  whatever  upon  air,  (hough  ever  so  nnich  concen. 
tratc'd  :  but  (hoy  warm  the  surface  of  the  earth,  which  commuiii. 
cates  i(8  heat  to  the  surrounding  almosphere.  Hence  its  happens 
that  the  tf^mperature  of  the  air  is  highest  in  those  places  which  are 
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•o  ftitoated  as  to  be  most  warmed  by  tbe  tan's  rays«  and  that  it  Tariet 
In  eferjr  region  with  tlie  season  of  the  jear.  Hence,  too^  the  raason 
why  it  diminishes  according  to  the  height  of  the  air  above  the  sar. 
fiice  of  the  earth.  Tiiat  portion  of  the  earth  which  lies  at  the 
/equator  is  exposed  to  the  most  perpendicQiar  rays  of  the  sun*  Of 
course  it  is  hottest^  and  the  heat  of  the  earth  diminishes  gradn. 
•Ity  from  the  equator  to  the-  poles.  The  temperature  of  the  air 
must  follow  the  same  order.  The  air,  then,  Is  hottest  orer  the 
•<inator,  and  its  temperature  gradually  diminishes  from  the  equator 
to  the  poIeSy  where  it  is  coldest  of  all.  It  is  hottest  at  the  equator^ 
nnd  it  becomes  gradually  colder  according  to  its  height  above  that 
surface.  Let  us  examine  the  nature  of  these  two  diminishing  pro* 
gressions  of  temperature. 

I«  Though  the  temperature  of  the  air  is  highest  at  th^  equator, 
and  gradually  sinks  as  it  approaches  the  pole ;  yet  as,  in  every, 
place,  the  temperature  of  the  air  is  constantly  varying  with  the 
season  of  the  year,  we  cannot  form  any  precise  notion  of  the  prou 
gression  without  taking  the  temperature  in  every  degree  of  latitude 
for  everj  day  of  the  year,  and  forming  from  each  a  mean  tempe- 
rature for  the  whole  year ;  which  is  done  by  adding  together  the 
whole  observations,  and  dividing  by  their  number*  The  quotient 
gives  the  mean  temperature  for  the  year.  The  diminution  from  the 
pole  to  the  equator  takes  place  in  arithmetical  progression  :  or,  to 
apeak  more  properly,  the  annual  temperature  of  all  the  latitudes 
_are  arithmetical  means  between  the  mean  annual  temperature  of 
the  equator  and  the  pole.  This  was  first  discovered  by  Mr.  Meyer ; 
and  by  means  of  an  equation  which  he  founded  on  it,  but  rendered 
considerably  plainer  and  simpler,  Mr.  Kirwan  has  calculated  the 
mean  annual  temperature  of  every  degree  of  latitude  between  the 
equator  and  the  pole.  And  according  to  this  calculation  the  mean 
temperature  of  the  equator  is  84%  and  that  of  the  pole  31^.  To 
£nd  the  mean  temperature  for  every  other  latitude,  we  hare  only 
to  find  88  arithmetical  means  between  84  and  31.  In  this  manner 
Mr.  Kirwan  calcuUted  the  following  Table : 
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TiBLB  of  the  Mean   Annual   Temperature  of  the  Standard 

Situation  in  every  Latitude. 


L4L 
00 

Tcmficr. 

Ut. 

68 

r«fl>|Mr. 

,u.. 
46 

Ti-mpcr. 

Uf. 

24 

reni|>«r. 

31- 

38  4 

56-4 

75-4 

89 

31-04 

67 

39-1 

45 

57-5 

23 

75-9 

88 

3M0 

66 

39-7 

44 

58-4 

22 

76-5 

87 

31*14 

«5  ^ 

40*4 

43 

59-4 

21 

77'2 

86 

31-2 

64  . 

41-2 

42 

CO-3 

20 

778 

85 

31-4 

63 

41-9 

41 

61-2 

19 

78-3 

84 

31*5 

62 

42-7 

40 

62- 

18 

78-9 

83 

Sl*7 

61 

43-5 

39 

63- 

17 

79-4 

82 

32- 

60 

41-3 

38 

63-9 

16 

79-9 

81 

32-2 

59 

45-09 

37 

648 

15 

80-4 

80 

32-6 

58 

45-8 

36 

65-7 

14 

80-8 

79 

32-9 

V 

46-7 

35 

66-6 

13 

81-3 

78 

33-2 

56 

47-5 

34 

67-4 

12 

81-7 

77 

33-7 

55 

48-4 

33 

68*3 

11 

82- 

76 

34-1 

54 

49-2 

32 

69- 1 

10 

82-3 

75 

34-5 

63 

50-2 

31 

69*9 

9 

82*7 

\  74 

35- 

52 

511 

30 

707 

8 

82'9 

73  35-5 

51 

52*4 

29 

71-5 

7 

83'2 

72  ^Q' 

50 

52-9 

28 

72-3 

6 

8r4 

71 

36  6 

49 

53-8 

27 

72  8 

5 

83-6 

70 

37-2 

48 

54-7 

26 

73  8 

0 

84' 

69 

37-8 

47 

55-6 

25  74  5  \ 

' 

TUs  Table,  boweTor,  only  answers  for  the  temperatare  of  tti« 
atmosphere  of  the  ocean.  It  was  calcalated  for  that  part  of  the 
Atlantic  Ocean  which  lies  between  the  80th  degree  of  northern  and 
the  45th  of  soathern  latitude,  and  extends  westward  as  far  as  the 
Gulf.stream,  and  to  within  a  few  leagues  of  the  coast  of  America ; 
tad  /or  all  that  part  of  the  Pacific  Ocean  rcachtni^  from  lat.  45° 
north  to  lat.  40^  south,  from  the  20th  to  the  'i75th  decree  of  Ion. 
gitode  east  of  liondon.  This  part  of  tho  ocean  Mr.  Kirwan  calls 
the  standard  :  the  rest  of  the  ocean  is  subject  to  anomalies  whicli 
will  be  afterwards  mentioned. 

Mr.  Kirwan  has  also  calculated  the  mean  monthly  temperature 
of  the  standard  ocean.  The  principles  on  which  he  went  were 
these:  The  mean  temperature  of  April  seems  to  approach  v^ry 
nearly  to  the  mean  annual  temperature;  and  as  fur  as  heat  de* 
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pends  on  the  action  of  the  solar  rajs,  the  mean  heat  of  eyery  month 
is  as  the  mean  altitude  of  the  sun,  or  rather  as  the  sine  of  the  svn's 
altitude.  The  mean  heat  of  April,  therefore,  and  the  sine  of  the 
sun's  altitude  being  given,  the  mean  heat  of  May  is  found  in  this 
manner :  As  the  sine  of  the  sun's  mean  altitude  in  April  is  to  the 
mean  heat  of  April,  so  13  the  sine  of  the  sun's  mean  altitude  in 
May  to  the  mean  heat  of  May.  In  the  same  manner  the  mean 
heats  of  June,  July,  and  August^  are  found ;  but  the  rule  would 
give  the  temperature  of  the  succeeding  months  too  low,  because  it 
does  not  take  in  the  heat  derived  from  the  earth,  which  possesses 
a  degree  of  heat  nearly  equal  to  the  mean  annual  temperature. 
The  real  temperature  of  these  months  therefore  must  be  looked 
upon  as  an  arithmetical  mean  between  the  astronomical  and  terres- 
trial heats. 

Mr.  Kirwan,  however,  after  going  through  a  tedious  calculation 
founded  upon  this  principle,  found  the  results  to  agree  so  ill  with 
observation,  that  he  drew  up  an  extensive  table  of  the  monthly 
mean  temperature  of  the  standard  from  latitude  80°  to  lat.  10^, 
from  which  it  appears  that  January  is  the  coldest  month  in  every 
latitude,  and  that  July  is  the  warmest  month  in  all  latitudes  above 
48°.  In  lower  latitudes  August  is  generally  warmest.  The  dif. 
ference  between  the  hottest  and  coldest  months  increases  in  pro- 
portion to  the  distance  from  the  equator.  Every  habitable  lati. 
tude  enjoys  a  mean  heat  of  60°  degrees  for  at  least  two  months  ; 
this  heat  seems  necessary  for  the  production  of  corn.  Within  ten 
degrees  of  the  poles,  the  temperatures  differ  very  little,  neither  do 
they  differ  much  within  ten  degrees  of  the  equator  ;  the  tempera* 
tures  of  different  years  differ  very  little  near  the  equator,  but  they 
differ  more  and  more  as  the  latitudes  approach  the  poles. 

2.  That  the  temperature  of  the  atmosphere  gradually  diminishes, 
according  to  its  height  above  the  level  of  the  sea,  is  well  known. 
Thus  the  late  Dr.  Hutton  of  Edinburgh  found  that  a  thermometer, 
kept  on  the  top  of  Arthur's  Seat,  usually  stood  three  degrees  lower 
than  a  thermometer  kept  at  the  bottom  of  it.  Hence,  then,  a 
height  of  800  feet  occasioned  3°  of  diminution  of  temperature.  On 
the  summit  of  Pinchinca  the  thermometer  stood  at  30°,  as  observed 
by  Bouguer,  while  at  the  level  of  the  sea  in  the  same  latitude  it 
stood  at  84°.  Here  a  height  of  15,564  feet  occasioned  a  dimino» 
tioD  of  temperature  amounting  to  54°.     But  though  there  can  ht 
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BO  doobt  of  the  gradual  diminution  of  temperaturi',  according  to 
tbo  height,  it  is  by  no  means  easy  to  determine  the  rate  of  diminu. 
tioo.  Enler  supposes  it  to  be  in  a  harmonic  progression ;  but  this 
opinion  is  contradicted  by  obserrations.  Saussure  supposes,  that 
in  temperate  climates  the  dimiontion  of  temperature  amounts  to  l^ 
for  every  28/  feet  of  elevation,  fint  Mr.  Kirwan  has  shown  that 
DO  sach  role  holds,  and  that  the  rate  of  diminution  varies  with  the 
temperature  at  the  surface  of  the  earth.  We  are  indebted  to  this 
philosopher  for  a  very  ingenious  method  of  determining  the  rate  of 
diminntioo  in  every  particular  case,  supposing  the  temperature  at 
the  surCice  of  the  earth  known  *• 

Since  the  temperature  of  the  atmosphere  is  constantly  diminish, 
iog  as  we  ascend  above  the  level  of  the  sea,  it  is  obvious,  that  at  a 
certain  height  we  arrive  at  the  region  of  perpetual  congelation. 
This  region  varies  in  height  according  to  the  latitude  of  the  place ; 
it  is  highest  at  the  equator,  and  descends  gradually  nearer  the 
earth  as  we  approach  the  poles.  It  varies  also  according  to  the 
season,  being  highest  in  summer  and  lowest  in  winter.  M.  Bouguer 
found  the  cold  on  the  top  of  Pinchinca,  one  of  the  Andes,  to  extend 
from  seven  to  nine  degrees  below  the  freezing  point  e? ery  morning 
Immediately  befo^re  sun.rise.  He  concluded,  therefore,  that  the 
mean  height  of  the  term  of  congelation  (the  place  where  it  freezes 
during  some  part  of  the  day  all  the  year  round)  between  the  tro. 
pics  was  15,577  feet  above  the  level  of  the  sea ;  but  in  lat.  98^  he 
placed  it  in  summer  at  the  height  of  13,440  feet.  Now,  if  we 
take  the  diflerence  between  the  temperature  of  the  equator  and  the 
freezing  point,  it  is  evident  that  it  will  bear  the  same  proportion  to 
the  term  of  congelation  at  the  equator,  that  the  difference  between 
the  mean  temperature  of  any  other  degree  of  latitude  and  the 
freezing  point  bears  to  the  term  of  congelation  in  that  latitude. 
Thus  the  m^an  heat  of  the  equator  being  84",  the  difference  between 
it  and  39  is  52 ;  the  mean  heat  of  latitude  28°  is  72*3^,  the  dif. 
ference  between  which  and  32  is  40*3  :  Then  52  :  15577  : '  40-3  : 
12072.  In  this  manner  Mr.  Kirwan  calculated  the  following 
Table : 

*  Irish  Trans,  viii.  db6. 
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McMilMii^orthc 
Tcrin  of  Congelailoa. 
Lat,  Fiit. 

0^ ..15677 

5 15457 

10 15067 

15 , 14498 

^0^ 13719 

i5^ 13030 

30. 11592 

35 10664 

40 9016 

45 7658 

50 6260 

55.. 4912 

60.« 3684 

65 , 2510 

70^ 1557 

75.. 748 

80 120 

Bejond  this  height,  which  has  been  called  the  lower  term  of  con. 
felation,  and  which  mnst  rary  with  the  season  and  other  circum. 
stances,  Mr.  Bouguer  has  distinguished  another,  which  he  called 
the  upper  term  of  congelation ;  that  is,  the  point  above  which  no 
ilsible  Tapeor  ascends.  Mr.  Kirwan  considers  this  line  as  much 
less  liable  to  vary  during  the  summer  months  than  the  lower  term 
of  congelation,  and  therefore  has  made  choice  of  it  to  determine 
the  rate  of  the  diminution  of  heat,  as  we  ascend  in  the  atmosphere. 
Bouguer  determined  the  height  of  this  term  in  a  single  case,  and ' 
Kirwan  has  calculated  the  following  Table  of  its  height  for  every 
liegree  of  ktitode  in  the  northern  hemisphere^ 
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Table  of  the  Height  of  the  Upper  Line  of  Congelation  in 
the  Afferent  Latiiudei  of  the  Northern  Hemitphere^ 


N. 

N. 

N. 

N. 

• 

LM. 

Feet. 

Lat. 
26° 

Fret. 

Ut. 
48^ 

Fert. 

Ut 

70* 

Feet. 

0^ 

28000 

229(T') 

I224.'i 

4413 

5 

27784 

V 

^2389 

49 

11750 

71 

4354 

6 

27644 

28 

21872 

50 

11253 

72 

4295 

7 

27M4 

2y 

21355 

51 

10124 

73 

4236 

8 

27364 

30 

20338 

52 

8965 

74 

4177 

9 

27224 

31 

20492 

63 

7806 

75 

4199 

10 

27084 

32 

20 ;  40* 

54 

6647 

76- 

4067 

11 

2(5880 

33 

19800 

55 

5617 

77 

4015 

U 

1W76 

34 

19454 

56 

•  5533 

78 

3P6'3 

13 

26472 

35 

19169 

57 

5439 

79 

3911 

14 

26268 

36 

18577 

58 

5345 

80 

3861 

15 

26061 

37 

17986 

59 

5251 

81 

3815 

|6 

25781 

38 

17393 

60 

5148 

82 

3769 

17 

25501 

39 

16801 

61 

5068 

83 

3723 

18 

25221 

40 

16207 

62 

4989 

84 

3677 

19 

24941 

41 

15712 

63 

4910 

85 

363 1 

20 

24661 

,42 

15217 

64 

4831 

86 

8592 

21 

24104 

43 

14722 

65 

4752 

87 

3553 

» 

24147 

44 

1422:' 

66 

4684 

88 

3514 

23 

23890 

45 

13730 

67 

4616 

89 

3475 

24 

23633 

46 

13235 

68 

4548 

90 

3432 

25 

23423 

47 

12740 

1  69 

4480 

[Thomson* s  Chemistry, 

From  this  methotl  of  estimating  the  diminution  of  temperature^ 
which  agrees  remarkably  well  with  obserTation,  we  see  that  the 
heat  diminishes  in  an  arithmetical  progression.  Hence  it  follows, 
that  the  heat  of  the  air  at  a  distance  from  the  earth,  is  not  owing 
to  the  ascent  of  hot  strata  of  air  from  the  surface  of  the  earth,  but 
to  the  conducting  power  of  the  air. 

3.  This  rule,  howerer,  applies  only  to  the  temperaturt  of  the 
air  during  the  summer  months  of  the  year.  \ti  winter  the  upper 
strata  of  the  atmosphere  are  often  warmer  than  the  lower.  Thus 
on  the  31st  of  January  17/6,  the  thermometer  on  the  summit  of 
Arthur's  Seat  stood  six  degrees  higher  than  a  thermometer  at 
Hawkhill,  which  is  684  feet  lower*.      Mr.  Kirwan  considers  this 


•  Roy,  Phil.  Trans.  1777,  p.  777. 
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superior  heat,  almost  uqiformly  observed  during  winter,  as  owing 
lo  a  current  of  warm  air  from  the  equator,  which  rolls  towards 
the  north  pole  during  our  winter  *. 

4-.  Such,  then,  in  general,  is  the  method  of  finding  the  mean 
annual  temperature  orer  the  globe.  There  are',  however,  several 
exceptions  to  these  general  rules,  which  come  now  to  be  mentioned. 

That  part  of  the  Pacific  Ocean  which  lies  between  north  lat.  b^^ 
and  660  is  no  broader  at  its  northern  extremity  than  42  miles,  and 
at  its  southern  extremity  than  1300  miles  :  it  is  reasonable  to  sup. 
pose,  therefore,  that  its  temperature  will  be  considerably  influ- 
enced by  the  surrounding  land,  which  consists  of  ranges  of  moun- 
tains covered  a  great  part  of  the  year  with  snow  ;  and  there  are 
besides  a  great  many  high,  and  consequently  cold,  islands  scat- 
tered  through  it.  For  these  reasons  Mr.Kirwan  concludes,  that 
its  temperature  is  at  least  four  or  five  degrees  below  the  standard. 
But  we  are  not  yet  furnished  with  a  sufficient  number  of  observa. 
tions  to  determine  this  with  accuracy. 

It  is  the  general  opinion  that  the  southern  hemisphi>re,  beyond 
the  40th  degree  of  latitude,  is  considerably  colder  than  the  corrc 
spondiog  parts  of  the  northern  hemisphere.  Mr.  Rirwan  has 
shown  that  this  holds  with  respect  to  the  summer  of  the  southern 
hemisphere,  but  that  the  winter  in  the  same  latitudes  is  milder  than 
in  the  northern  hemisphere  +. 

Small  seas  surrounded  with  land,  at  least  in  temperate  and  cold 
climates,  are  generally  warmer  in  summer  and  colder  in  winter 
than  the  standard  ocean,  because  they  are  a  good  deal  influenced 
by  the  temperature  of  the  land.  The  Gulph  of  Bothnia,  for  in- 
stance, is  for  the  most  part  frozen  in  winter;  but  in  summer  it  is 
sometimes  heated  to  70^;  a  degree  of  heat  never  to  be  found  in  the 
opposite  waters  of  the  Atlantic  X',  Th®  German  sea  is  above  three 
degrees  colder  in  winter,  and  five  degrees  warmer  in  summer  than 
the  Atlantic  §•  The  Mediterranean  sea  is,  for  the  greater  part  of 
ita  exteat,  warmer  both  in  summer  and  winter  than  the  Atlantic, 
which  therefore  flows  into  the  former.  The  Black  Sea  is  colder 
than  the  Mediterranean,  and  flows  into  it  ||. 

The  eastern  parts  of  North  America  are  much  colder  than  the 
opposite  coast  of  Europe^  and  fall  short  of  the  standard  by  about 

*  Irish  Trans,  viii.  p.S7d*    f  Irisii  Trans,  vitt.  p.417-.     ^  Mem.  Stock.  1776. 
^  Kirwan's  Temperatace  of  IaU  p.  58.  i|  Ibid. 
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lO*  or  13°,  as  appears  from  Americao  Meteorolo^cal  Tables*. 
Tlia  caosM  of  this  reraarkablv  difference  are  many.  The  highest 
part  of  North  Ameriea  lies  between  the  40th  and  60th  degree  of 
north  latitode,  and  the  100th  and  1 10th  degree  of  longltade  west 
from  London  ;  for  there  the  greatest  rirers  originate.  Tiie  rery 
height,  therefore,  makes  this  spot  colder  than  it  otherwise  would 
be.  It  If  cofered  with  im^ieniie  forests,  and  abounds  irith  large 
swamps  and  morasses,  which  render  it  incapable  of  receiring 
any  great  degree  of  heat ;  so  that  the  rigour  of  winter  is  much 
lets  tempered  by  the  heat  of  the  earth  than  in  the  old  continent. 
To  tbe  east  lie  a  nnmber  of  ?ery  la^ge  lakes ;  and  farther  north, 
Hwtdsan^a  Bay ;  about  50  .miles  on  the  south  of  which  there  Is  a 
nnge  of  monntaios,  which  prerent  its  receiving  any  heat  from  that 
quarter.  This  bay  is  bounded  on  the  east  by  the  mountainous 
coestry  of  Labrador  and  by  a  number  of  islands.  Hence  the 
tolAhtu  of  the  north-west  winds  and  the  lowness  of  the  tempera* 
tnre.  But  as  the  cnlttrated  parts  of  North  America  are  now  much 
warmer  than  formerly,  there  is  reason  to  expect  that  the  climate 
will  become  still  milder  when  the  country  is  better  cleared  of 
woods,  tbongh  perhaps  it  will  never  equal  the  temperature  of  the 
old  continent. 

islands  are  warmer  than  continents  in  the  same  degree  of  lati- 
tude ;  and  countries  lying  to  the  windward  of  extensive  mountains 
or  forests  are  warmer  than  those  lying  to  the  leeward.  Stones  or 
sand  hate  a  less  capacity  for  heat  than  earth  has,    which  is  always 

*  For  tbe  following  statemeotof  tbe  extremes  of  heat  mid  cold  at  Moutreal 
and  Three  Rivera  in  Canada,  I  am  indebted  to  an  ingenious  officer,  who  kept  a 
register  for  eight  years,  from  the  year  1776  to  1784,  inclusive. 

*'  Id  tbe  warmest  summer  the  thermometer  was  not  observed  to  rise  higher 
tbao  9^'*f  thovgh  it  has  been  said  to  have  risen  so  high  as  96^  and  even  9S^  at 
Quebec  I  but  where  these  observations  were  made,  the  thermometer  was  gene* 
rally  from  80°  to  84°  in  the  warmest  summers,  and  the  average  of  (he  ordinary 
summers  was  about  70°. 

**  In  tbe  severe  frosts  (he  thermometer  sunk  to  45^  below  0.  This  happened 
three  times  within  this  period,  viz.  on  tbe  S3d  and  25th  February  1782,  and  on 
the  lOth  February  1784. 

*'  In  the  ordinary  winters,  at  Three  Rivers,  the  mercury  stood  at  from  IOq  to 
25°  below  0,  and  in  thr  severe  winters  from  25o  to  35**  below  0. 

'<  The  summer  observations  were  taken  at  about  nine  o'clock  in  the  morn- 
ing, and  three  in  the  afternoon.  The  winter,  before  tun-rise,  and  about  nine, 
and  sooKtimes  ten  o'clock  at  night. 
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Boraewhat  moist ;  thvy  heat  or  cool,  therefore,  more  rapidly,  and 

to  a  greater  degree.     Hence  the  Tiuleiit  heat  of  Arabia  and  Africa, 

and  the  intense  cold  of  Terra  del  Fuego.      Lifing  vegetables  alter 

their  temperature  very  slowly,  but  their  evaporation  is  great;   and 

if  they  be  tall  and  close,  as  in  forests,  they  exclude  the  sun's  rays 

from  the  earth,  and  shelter  the  winter  snow  from  the  wind  and  the 

sun.     Woody  countries,   therefore,  4tre  much  colder  than  those 

which  are  cultivated* 

[Thomson^s  Chemistry. 

The  atmosphere  is  also  liable  to  elevations  and  depressions  ana. 
logous  to  those  of  the  sea,  and  perhaps  these  changes  may  have 
some  little  effect  on  the  winds  and  on  the  weather  ;  but  their  in. 
fluence  must  be  very  inconsiderable,  since  the  addition  of  two  or 
three  feet  to  the  height  of  the  atmosphrre  at  any  part  can  scarcely 
be  expected  to  be  perceptible.     The  height  of  an  aerial  tide  mast 
be  nearly  the  same  wUh  the  observed  height  of  the  principal  tides 
of  the  sea  :  and  the  variation  of  atmospherical  pressure,  which  is 
measured  between  the  difference  of  the  actual  form  and  the  sphe- 
roid of  equilibrium,  must  be  equivalent  to  the  weight  of  a  column 
of  about  ten  feet  of  aic,  or  only  ^^  of  an  inch  of  mercury.  ^  A 
periodical  variation  five  times  as  great  as  this,  has,  indeed,  been 
observed  near  the  equator,  where  the  state  of  the  atmosphere  is 
the  least  liable  to  accidental  disturbances  :   but  this  change  cannot 
in  any  degree  be  referred  to  the  effect  of  the  moon's  action,  since 
it  happens  always  about  the  same  hour  of  the  day  or  night.     The 
atmosphere  is  also  affected  by  a  general  current  from  east  to  west, 
like  that  of  the  sea,  and  there  is  reason,  from  astronomical  obser. 
rations,  to  suppose  that  a  similar  circumstance  happens  in  the  at. 
mosphere  of  Jupiter,  on  account  of  the  actions  of  his  satellites, 
which  must  be  considerably  more  powerful  than  that  of  the  moon. 

lYoung's  Nat.  Phii. 
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ZONBS  AND  CLIMATE5, 


^ONBs  and  Climates  sre  artificial  diTisions  of  the  earth^s  surface 
for  the  purpose  of  defining  its  temperature  in  particular  parts ; 
and  they  have  hence  an  intimate  connection  with  (ho  (eroperatara 
of  the  atmosphere,  upon  which  indeed  they  are  mainly  though  not 
altogether  dependent* 

Geographers  hare  dirided  the  surface  of  the  globe  into  sixty 
climates,  of  which  thirty  are  northward  of  the  equator,  and  thirty 
southward  ;  by  these  climates  the  length  of  the  day,  from  sun* 
rising  to  sun.setting.  Is  shewn,  in  ^ts  increase  and  decrease  pro- 
ceeding from  the  equator  to  the  poles ;  from  the  equator  to  the 
arctic,  or  northern  polar  circle,  twenty. four  climates  are  traced 
oat,  and  through  each  a  difference  of  half  an  hour  arises  in  the 
length  of  the  day  and  night ;  and  in  like  maniKT  from  the  equator 
to  the  antarctic,  or  southern  polar  circle.  Ti*c  six  climates  which 
lie  bt>tween  the  polar  circles  and  the  poles,  both  the  northern  and 
the  southern,  differ  from  each  other  by  one  entire  month  progres* 
sirely. 

As  climates  describe  the  length  of  days,  so  zones  describe  the 
degree  of  heat  preTaiiing  on  different  parts  of  the  earth.  Both 
ancient  and  modern  geographers  a.  ree  in  diviuing  the  earth  into 
fiTe  zones  in  number  and  three  in  qualiiy,  namely,  the  torrid,  the 
temperate  north  and  south,  and  the  frigid  both  north  and  south* 
The  torrid  zone  extends  from  the  equator  to  ^he  tropic  of  cancer 
northward,  and  to  the  tropic  of  Capricorn  southward,  twenty, 
three  degrees  and  an  half  each  (very  nearly),  making  forty-seven 
degrees  in  ail.  The  two  temperate  zones  extend  themselves  from 
the  two  tropics  to  the  polar  circles  on  each  side  the  equator,  being 
forty-three  degrees  each,  and  ei ghty.six  degref  s  in  the  whole. — 
The  two  frigid  zones  embrace  the  regions  from  the  polar  circles  to 
the  poles,  extending,  in  each  direction,  over  twenty-three  and  an 
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half  degrees,  in  the  whole  forty  .degrees.  Thus  northward  or 
sauthward, 

Torrid  zone 23 J 

Temperate 43 

Frigid.. .J 23i 

In  the  whole 90  degrees,  which  is  the 

distance  from  the  equator  to  either  pole;  but  considering  the 
northern  and  southern  regions  in  one  account,  the  general  difision 
of  the  globe  into  zones  will  stand  thus  : 

The  torrid  zones 47  degrees. 

The  temperate 86 

The  frigid 47 

1 80  degrees,  the  extent  of  the 
earth  from  north  to  south,  which  geographers  have  diTided  into 
two  hemispheres,  viz,  the  nortfiern  and  southern. 

The  ancients,  having  very  imperfect  knowledge  of  the  globe, 
considered  the  two  temperate  zones  as  the  only  habitable  parts  of 
the  earth,  conceiving  the  heat  of  the  torrid,  and  the  Cold  of  the 
frigid  zones  to  be  equally  insupportable.  This  opinion  is  now 
well  known  to  be  erroneous ;  mankind  having  been  ascertained  to 
exist  within  the  arctic  circle ;  and  some  species  of  quadrupeds  and 
birds  even  as  high  up  as  eighty  degrees ;  while  the  attempts  made 
by  Captain  Cook  to  penetrate  within  the  antarctic  circle,  when  he 
proceeded  something  beyond  the  seventy.first  degree,  proves  that, 
although  there  is  no  known  land  lying  much  more  southward  than 
ihe  sixtieth  degree  of  south  latitude,  yet  birds  of  durious  kinds  in- 
habit the  expanse  of  ice  which.  In  every  direction,  stops  all  ad* 
vance  toward  the  sonth^pole.  At  the  same  time  that  the  disco- 
?rery  of  the  West  Indies  and  of  the  American  continent,  had  clearly 
established  that  the  population  of  mankind  either  is  or  may  be 
jrendered  equal  within  the  region  of  the  torrid  zone  to  that  of  the 
best  inhabited  countries  of  Europe. 

The  climates  of  different  parts  of  the  earth's  surface  are  unques- 
tionably owing  in  great  measure  to  their  position  with  respect  to 
the  sun.  At  the  equator,  where  the  sun  is  always  nearly  vertical, 
any  given  part  of  the  surface  receives  a  much  greater  quantity  ef 
light  and  heat,  than  an  equal  portion  near  the  poles ;  and  it  is 
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also  slill  more  affected  bj  the  son^s  rertical  rayg^  because  their 
passage  through  the  atmosphere  is  shorter  than  that  of  the  obliqut 
rays.  As  far  as  the  sun's  mean 'altitude  only  is  concerned,  it  ap* 
pears  from  Simson's  calculations,  that  the  heat  receiTod  at  the 
equator  in  the  whole  "year,  is  nearly  twice  and  a  h&lf  as  great  as  at 
tlie  poles  ;  this  proportion  being  nearly  the  same  as  that  of  tba  - 
meridan  heat  of  a  vertical  sun,  to  the  heat  derived,  at  the  altitude 
23|^,.  in  the  middle  of  the  long  annual  day  at  the  poles.  But  the 
difl^rence  is  rendered  still  greater,  by  the  effect  of  the  atmo. 
sphere,  which  interrupts  a  greater  portion  of  the  lieat  at  the  poles 
than  elsewhere*  Bougner  has  calculated,  upon  the  supposition  of 
the  similarity  of  the  affections  of  heat  and  light,  that  in  latitude 
45%  BO  parts' out  of  100  are  transmitted  at  noon  in  July,  and 
55  only  in  December.  The  heat  intercepted  by  the  atmosphere 
is  perhaps  not  wholly,  but  yer]^  nearly,  lost  with  respect  to  the 
climate  of  the  neighbouring  places.  It  is  obvious  that,  at  any 
individual  place,  the  climate  in  summer  must  approach  in  some 
degree  to  the  equatorial  climate,  the  sun's  altitude  being  greater, 
and  in  winter  to  the  cllmite  of  the  polar  regions. 

While  the  earth  is  becoming  warmer  at  any  particular  spot,  the 
heat  thrown  off  by  radiation  into  the  atmosphere,  and  thence  into 
the  empty  space  beyond  it,  together  with  that  which  is  transmitted 
to  the  internal  parts  of  the  earth,  roust  be  less  than  the  heat  re- 
ceived from  the  sun  ;  and  when  the  earth  is  growing  colder,  more 
heat  must  pass  off  than  is  received  :  but  whenever  the  heat  of  the 
surface  is  stationary,  neither  increasing  nor  diminishing,  as  at  the 
times  of  the  greatest  and  least  heat,  it  is  obvious  that  the  heat  re. 
ceiv€Hl  from  the  sun  roust  be  precisely  equal  to  the  heat  which  is 
thrown  off.  Now  this  quantity  may  be  estimated  by  the  degree  of 
refrigeration  in  the  night ;  and  hence  Mr.  Prevost  has  very  inge- 
niously deduced  the-proportion  of  the  sun*s  heat  arriving  at  the 
surface  of  the  earth  in  the  latitude  of  Geneva,  in  July,  and  in 
December ;  which  he  finds  to  be  as  7  or  8  to  1  ;  and  this  result 
agrees  very  well  with  a  calculation  deduced  from  the  length  of  the 
day,  the  sun*s  altitude,  and  the  interception  of  his  rays  by  the 
atmosphere. 

In  Jx>ndon  the  temperature  generally  varies,  in  the  course  of 
the  day  and  night,  somewhat  more  than  5^,  and  less  than  W*.  In 
January,  the  mean  diurnal  variation  of  temperature  is  O*',    in 
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Jaly  10%  and  in  S(*pteinber,  18°.  Hence,  lajs  Mr.  Kinrao,  we 
may  understand  the  reason  of  the  great  frequency  of  colds  in 
spring  and  in  autumn. 

Some  pbilosophera  have  supposed  the  earth  to  become  progres- 
SiYelj  warmer  in  the  course  of  ages,  while  others  hare  imagined 
that  its  heat  is  exhausted.  Both  these  opinions  appear  in  general 
improbable.  The  greater  heat  the  earth  receives  bj  day,  the  more 
it  throws  oflf,  both  by  day  and  by  night ;  so  that  in  the  course  of  a 
few  ages  the  htat  must  probably  have  attained  its  mazimnm. 
Local  changes  may  indeed  arise  from  local  circumstances  ;  thus, 
the  climate  of  America  is  said  to  have  become  considerably 
warmer,  since  a  large  part  of  its  surface  has  been  cleared  from  its 
dense  forests  by  human  labour  ;  and  to  jud^e  from  the  descrip- 
tions of  the  ancients,  it  appears  that  even  in  Europe  the  winters 
were  formerly  much  colder  than  they  are  at  present.  If,  however, 
Dr.  Herschel's  opinion  of  the  rariation  of  the  heat  of  the  san  be 
Confirmed,  it  will  introduce  a  great  uncertainty  into  all  theories 
upon  the  subject :  since  in  these  calculations  the  original  heat  of 
the  sun  has  always  been  supposed  unalterable. 

The  sea  is  less  heated  than  the  land,  partly  because  a  greater 
quantity  of  water  evaporates  from  it,  and  partly  because  the  sun'a 
rays  penetrate  to  a  considerable  depth,  and  have  le^s  effect  on  the 
surface,  while  the  water  is  also  mixed,  by  the  agitation  of  its 
waves  and  currents,  with  the  colder  water  below.  It  is  also  more 
slowly  cooled  than  the  land,  since,  when  the  temperature  of  the 
superficial  particles  is  depressed,  they  become  heavier,  and  sink 
to  the  bottom.  For  similar  reasons,  the  sea  is  colder  than  the 
land  in  hot  climates,  by  day,  and  warmer  in  cold  climates,  by 
night.  These  circumstances,  however,  nearly  balance  each  other, 
so  that  the  mean  temperatures  of  both  are  equal,  that  of  the  sea 
being  only  less  variable.  Although  the  process  of  evaporation 
must  cool  the  sea,  yet  when  the  vapours  are  condensed  with- 
out reaching  the  land,  their  condensation  must  compensate  for  this 
effect  by  an  equal  extrication  of  heat. 

There  is  another  cause  which  perhaps  contributes  in  some  de> 
gree,  in  temperate  climates,  to  the  production  of  cold ;  that  is, 
the  alternation  of  freezing  and  thawing.  Mr.  Provost  observes 
that  congelation  takes  place  much  more  suddenly  than  the  oppo* 
pke  process  of  UquefictloD  ;  and  tbat  of  course  the  same  quantity 
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of  beftt  mast  be  more  rapidly  extricated  in  freexing  fluiD  is  ab« 
Borbed  in  thawing ;  that  (he  heat,  thus  extricated,  being  disposed 
to  fly  off  in  all  directions^  and  little  of  it  beinpr  retained  by  the 
iMighboaring  bodies,  more  heat  is  lost  than  is  gained  by  the  alter* 
nation  :  so  that  where  ice  has  once  been  formed,  its  pro(1uct:on 
is  in  thia  manner  redoubled.  This  circumstance  mast  occur 
wberever  it  freeaet ,  that  is,  on  shore,  in  latitudes  abore  35^ ;  and 
it  appears  tliat  from  about  30^  to  the  pole,  the  land  is  somewhat 
colder  than  tbe  sea,  and  the  more  as  It  n  further  distant  from  it;  and 
nearer  the  eqaator  tbe  land  is  warmer  than  the  sea  :  but  the  pro- 
cess of  coagelatioQ  cannot  by  any  means  be  the  principal  cause  of 
tlie  diiiercnce,  and  it  if  probable  that  the  different  capacity  of 
earth  aad  water  for  heat  is  materially  concerned  in  it. 

Since  the  atmosphere  is  ?ery  little  heated  by  the  passage  of  the 

son*s  nys  through  it,  it  is  naturally  colder  than  the  earth's  sur* 

face  ;  and  for  this  reason,,  the  most  elevated  tracts  of  land,  which 

are  the  moet  prominent,  and  the  most  exposed  to  the  effects  of  the 

atmosplieray  are  always  colder  than  situations  nearer  tbe  lerel  of 

the  sea«     The  northern  hemisphere  js  somewhat  warmer  than  thet 

•onthem,  perhaps  because  of  the  greater  proportion  of  land 

that  it  contains,  and  also  in  some  measure  on  account  of  the 

greater  length  of  Its  summer  than  that  of  the  southern ;  for  aU 

though,  as  it  was  long  ago'obserred  by  Simpson,  the  different 

distance  of  the  sun  compensates  precisely  for  the  different  Telocity 

of  the  earth  in  its  orbit,  with  respect  to  the  whole  quantity  of  heat 

received  on  either  side  of  the  equinoctial  points,  yet  Mr.  Protest. 

has  shown,  that  in  all  probability  the  same  quantity  of  heat  must 

produce  a  greatet  effect  when  it  is  more  slowly  applied  ;  because 

the  portion  lost  by  radiation  from  the  heated  body  is  greater,  as 

the  temperature  is  higher.     Since,  therefore,  on  account  of  the 

eccentricity  of  the  earth's  orbit,  the  north  pole  is  turned  towards 

the  sun  seven  or  eight  days  longer  than  the  south  pole,  the  north. 

era  wintera  mast  be  milder  than  the  southern  :  yet  the  southern 

sammen,  though  shorter,  ought  to  be«  somewhat  warmer  than  the 

Borthem :  but  in  fact  they  are  colder,  partly  perhaps  from  the 

nucb  greater  proportion  of  sea,  which  in  some  degree  equalises 

the  temperature,  and  partly  for  other  reasons.      The  comparative 

iatensity  of  the  soatbern  samner  and  winter  is  not  exictly  known ; 
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but  in  the  island  of  New  Georgia  the  sammer  it  said  to  be  ex. 
trcmel/  cold. 

The  northern  ice  extends  about  9^  from  the  pole  :  the  southern 
18^  or  20^;  in  some  parts  even  30^;  and  Aoaling  ice  has  occa* 
sionally  been  found  in  both  hemispheres  as  far  as  40^  from  the  poles^ 
and  sometimes,  as  it  has  been  said,  e?en  in  latitude  41*  or  42^.  Be- 
tween 54^  and  6o^  south  latitude,  the  snow  lies  on  the  ground,  at  the 
sea  side,  throughout  the  summer.  The  line  of*  perpetual  congela* 
lion  is  three  miles  above  the  surface  at  the  equator,  where  the  neui 
heat  is  84°^,  at  Teneriflfe,  in  latitude  28%  two  miles  ;  in  the  lati. 
tade  of  London,  a  little  more  than  a  mile ;  and  in  latitude  80^ 
north,  only  1200  feet.  At  the  pole,  according  to  the  analogy 
deduced  by  Mr.  Kirwan,  from  a  comparison  of  varioBS  observa- 
tions, the  mean  temperature  shoald  be  3l^»  In  London  the  mean 
temperature  is  60° ;  at  Rome  and  at  Montpelier,  a  little  more 
than  60^;  in  the  island  of  Madeira,  70^  ;  and  in  Jamaica,  80''. 

There  are  frequently  some  local  causes  of  heat  and  cold  which 
«re  independent  of  the  sun's  immediate  action.  Thus,  it  has  been 
observed,  that  when  the  weather  has  been  clear,  and  a  cloud 
passes  over  the  place  of  observation,  the  thermometer  frequently 
rises  a  degree  or  two  iBilmost  instantaneously.  This  has  been  partly 
explained  by  considering  the  cloud  as  a  vesture,  preventing  the 
escape  of  the  heat  which  is  always  radiating  from  the  earth,  and 
reflecting  it  back  to  the  surface :  the  cloud  may  also  have  been 
lately  condensed,  and  may  itself  be  of  a  higher  temperature  than 
the  earth*  Mr.  Six  has  observed  tliat  in  clear  weather,  the  air 
is  usoally  some  degrees  colder  at  night,  and  warmer  by  day,  close 
to  the  ground,  then  a  few  feet  above  it  i  but  that  in  cloudy  wea. 
ther  there  is  less  difference  :  and  it  is  possible  that  this  circum- 
stance may  be  derived  from  the  difference  of  the  quantity  of  evapo- 
ration from  the  earth's  surface,  which  occasions  a  diilerent  degree 
of  cold  in  different  states  of  the  atmosphere. 

An  idea  has  frequently  been  started,  that  the  temperature  of  se- 
veral, perhaps  of  all  climates,  has  varied  at  dLffierent  epochs,  and 
is  in  truth  perpetually  varying ;  in  some  instances  for  the  better, 
and  in  others  apparently  for  the  worse.  And  the  more  or  less 
actife  cultivation  of  tiie  soil,  the  clearing  and  draining  of  the 
ground^  or  the  suffering  it  to  lie  barren  and  unproductive,  co- 
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▼ered  with  woods  and  moraiMf ,  «re  the  causes  which  have  chiefly 
been  adrertedto  for  the  purpose  of  eiplaining  these  phcnomeoa. 

Alltar  all,  boweTer,  the  assertion^  as  relating  to  a  general  fact, 
rsqnifoa  to  be  more  attenti?elj  ezamioed  than  it  appears  to  hate 
been  ;  and  admitting  its  trath,  the  eultiTation  or  neglect  oC  the 
soil  does  not  seen  in  every  Instance  to  constitute  the  actoal  canse 
ef  tbia  dlArence  in  the  temperatvre. 

In  America;  obserres  an  intelligent  Irbh  writer  in  the  Philoso* 
phical  Trmuaetioos  \  at  least  as  far  as  the  modern  pbintationa 
•fe  extended,  aa  eatraordinarj  alteration  has  been  perceived  is 
the  tMipenitore  of  the  ooontrjr  since  the  Europeans  began  to  settle 
there.  This  change,  continues  he,  is  generally  attributed  to  the 
cattiqg  down  of  vast  woods,  with  the  clearing  and  cultirating  of 
the  country.  But  that  Ireland  should  also  considerably  alter  with* 
oat  any  such  manifest  cause,  either  In? alidates  that  reason,  or  else 
erincea  that  quite  different  causes,  may  produce  the  same  effect. 
For  if  it  be  true^  as  some  compute,  that  this  liingdom  was  better 
inhaluted  and  cultivated  before  the  late  civil  wars,  then  at  pre- 
sent+,  it  shbnid,  according  to  the  reasons  alJedged  for  the 
change  of  temperature  in  America,  be  rather  grown  more  intem- 
perate, viz.  for  want  of  cultivation  :  but  the  contrary  is  observa. 
ble  here,  and  almost  every  one  begins  to  take  notice,  that  this 
country  becomes  every  year  more  and  more  temperate.  Forme ily 
it  was  not  unusual  to  have  frost  and  deep  snows  of  a  fortnight  or 
three  weel^s  continuance ;  and  that  twice  or  thrice,  sometimes 
oftncr,  in  a  winter ;  nay  we  have  had  great  rivers  and  lakes  frozi>ii 
all  over ;  whereas  of  late,  especially  these  two  or  three  years  last 
past,  we  have  had  scarcely  any  frost  or  snow  at  all.  Neither  can 
I  impute  this  extraordinary  alteration  to  any  fortuitous  concourse 
of  ordinary  circumstances  requisite  to  the  production  of  fair  wea- 
ther; because  it  is  manifest,  that  If  has  proceeded  gradually, 
every  year  becoming  more  temperate  than  the  preceding.  Though 
it  be  observed  that  frosty  and  snowy  winters  make  early  springs, 
and  for  as  little  as  we  have  had  of  either  this  winter,  yet  there  has 
not  within  the  memory  of  any  now  living  happened  a  forwarder 
spring  in  Ireland ;  since  this  island  could  produce  some  store  of 
ripe  cherries  In  the  midst  of  April.  The  wind  keeps  for  the  most 
part  bere  between  the  nortluwest  and  the  south,  seldom  at  east, 

•  Vol.  xl.  year  1676. 

f  The  paper  here  referred  to  btare  the  date  of  1676.  Edit. 
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and  yet  less  freqaeot  at  north  of  north-east,  imomach  that  many 
here  do  not  scrapie  to  affirm,  that  for  at  least  ^  of  the  year  the 
wind  is  westerly  ;  and  we  have  sometrroes  known  passengers  wait 
at  Chester  and  Holyhead  no  less  than  three  months  for  a  fair  wind 
to  come  hith4>r. 

The  Honourable  Daines  Barrington  is  well  known  to  have  en* 
tertained  a  similar  opinion,  and  to  hate  carried  to  a  much  greater 
extent,  *  He  communicated  it  chiefly  in  an  article  in*  a  much  later 
volume  of  the  ^aloable  journal  we  have  just  referred  to*;  and  its 
•obstance  we  shall  lay  before  our  readers  in  the  admirable  summary 
of  it  which  is  given  in  the  twelfth  volume  of  the  recent  abridgement 
«f  this  work. 

Mr.  Barrington,  observes  the  Editor,  had  long  entertained  a 
notion  ^hat  the  sea'^ons  are  become  much  milder  in  the  northern 
latitudes  than  they  were  16  or  17  centuries  past ;  and  from  this  it 
has  happened,  that  many  passarj^es  in  the  classical  writers  decrip. 
live  of  the  severity  of  the  climates,  had  struck  him  more  perhaps 
than  they  would  a  common  reader. 

If  this  same  q\iestion  should  be  afgitated  2000  years  heoce,  it 
might  receive  an  absolute  demonstration  ;  as  a  journal  of  the 
changes  in  a  well-constructed  thermometer  would  show  the  tem- 
perature which  prevailed  in  any  particular  place,  during  the  pre- 
aent  century.  No  such  accuracy  can  be  expected  from  any  pas. 
aages  in  the  classical  writers  ;  but  in  order  to  state  the  alteration 
which  may  have  happened  in  so  long  a  course  of  years,  the  most 
proper  method  seems  to  be  to  compare  their  accounts  with  those 
of  more  modern  travellers,  who  have  equally  wanted  the  assist* 
tnce  of  a  thericfometer  for  their  observations. 

Mr.  B.  chiefly  relies  on  many  of  Ovid's  letters  from  Pontus 
(though  he  was  not  only  a  poet,  but  a  writer  of  most  glowing 
foncyand  imagination),  in  which  he  describes  the  effects  of  cold 
at  Tomas,  probably  the  modern  Temisware,  during  his  seven 
years  residence  there,  and  afterwards  contrast  this  description  with 
that  of  later  travellers.  Ovid  was  born  at  Sulmo  in  Italy,  about 
90  Roman  miles  S.  W.  from  the  capital.  He  afterwards  resided 
qhiefly  at  Rome,  and  was  there  at  the  time  he  received  the  empe* 
ror*s  orders  for  his  immediate  Imnishment :  Mr.  B.  therefore  con. 
aiders  him  as  then  leaving  the  49d  degree  of  northern  latitude,   the 

•  Pbil.  Timni.  Vol.  1? ii.  year  1768. 
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tilimsle  in  whidi  be  was  born,  aocl  continued  to  liTe.  He  was 
tfaenee  reoioved.  to  Tomoi,  which  Dr.  Wellt)  la  hb  maps  of  an* 
cieift  geography,  placet  only  in  the  44th  degree  of  uortbem  luti* 
indoT  the  change  waa  therefore  only  of  S  degrees,  and  yet  Oikd 
immediately  describes  it  as  the  winter  of  H^idson's  Bay,  with  tha 
Euine  sea  frozen  orer,  with  people  and  cattle  walking  on  it;  as 
well  as  other  instances  of  eatreme  cold« 

Besidet  the  quotations  from  Ovid,  Mr.B.  gires  several  others 
from  the  ancients,  as  Virgil,  Strabo,  Pliny,  &c.  descriptive  of  the 
czceaaiTe  cold  of  that  latitude.  He  then  contrasts  these  with  the 
acconnts  of  modern  trafellers  in  that  country,  who  have  not  no- 
ticed any  snch  severities  of  climate  there. 

Mr.  B.  now  leaving  Toroos,  compares  the  accounts  of  the  wea. 
ther  in  Italy,  with  those  of  the  present  times  :  it  being  first  pre* 
inised,  that  the  country  was  better  cultivated  in  the  Augustan  age 
than  it  is  now,  which  should  consequently  have  made  the  tempera* 
tnce  of  the  air  more  warm  than  it  is  now  experienced  to-be.  He 
beigins  with  some  passages  from  Virgirs  Georgics.  This  most  ex« 
cellent  ba&bandman  is  constantly  adfising  precautions  against  snow 
and  ice  in  the  management  of  cattle  ;  and  he  may  be  generally 
snipposed  to  give  the^e  directions  for  the  neighbonrhood  of  Naples, 
or  Afantna  his  native  country,  where  he  does  not  evidently  from 
the  context  mean  som^  other  parts  of  Italy.  Speaking  afterwards 
of  Calabria,  the  most  southern  part  of  Italy,  he  expresses  himself, 
with  regard  to  the  rivers  being  frozen,  as  what  was  commonly  to 
be  expected.  Pliny  too  in  a  chapter,  De  natura  cwti  ad  arboreSy 
and  speaking  of  Italian  trees,  says,  Alioqui  arborum  frugumque 
communim  iunt^  nivei  diutinas  scdtre.  But  perhaps  the  strongest 
proof  of  that  fery  remarkable  fact,  the  Italian  rivers  being  con- 
stantly frozen  over,  is  to  be  collected  from  a  chapter  in  ^Elian, 
which  consists  entirely  of  instructions  how  to  catch  eels  while  the 
water  is  corered  with  ice.  Now,  if  \re  may  believe  the  concurrent 
acconnts  of  modern  travellers,  it  would  be  almost  as  ridiculous  to 
advise  a  method  of  catching  fish  in  the  rivers  of  Italy,  which  de. 
peaded  entirely  en  their  commonly  being  frozen  over,  as  it  would 
be  io  give  auch  directions  to  the  inhabitants  of  Jamaica.  Mr.  B. 
cannot  find  that  the  precautions,  which  Virgil  gi?es  in  his  Georgies^ 
against  the  damages  which  sheep  and  goats  might  receive  from  the 
snow  and  frost,  are  now  necessary  \  and  both  these  animals  are 
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known  to  stand  the  tererest  winters  of  Qie  Uighlaodsof  Scoiland, 

eonceif  ed  to  be  in  Virgil's  time  almost  the  vltiroa  Tbnle.    On  ihm 

whole  Mr.  B.  infers,  that  there  appears,  to  have  been  a  general 

meUoration  of  temperature  in  the  air  and  the  seasons,  in  man/, 

perhaps  most  parts  of  the  earth. 

"^  IPhil.  Tram.  1768. 
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SECTION  I. 

Sources  and  Effects  of  Heai, 

J.  HE  sources  ofheat  are  Tarious,  but  its  effects  uniform  whatefer. 
the  cause  that  produces  it ;  or  rather,  perhaps,  the  essence  or  ma* 
teriai  of  which  it  consists  is  the  same  in  ejery  instance.  The  most 
powerful  and  extensive  source  of  heat  with  which  we  are  ac« 
quainted  is  the  sun,  from  which  perhaps  this  inyisible  matter  (if 
matter  at  all)  is  emitted,  in  consequence  of  the  chemical  processes 
that  continually  take  place  at  its  surface.  Friction  is  another 
powerful  source  of  heat ;  percussion  is  a  third  ;  and  there  are  a 
few  others  which  have  not  yet  been  sufficiently  traced.ont  and  ex« 
plained. 

The  recent  opinions  upon  this  curious  subject  are  giren  with  so 
much  perspicuity,  and  at  the  same  time  such  conjenient  succinct* 
aess  by  Sir  Humphry  Da?y,  that  through  the  remainder  of  thif 
chapter  we  shall  lake  ieare  to  borrow  his  words. 

When  a  body  which  occasions  the  sensation  of  heat  on  our  or* 
gans,  is  brought  into  contact  with  another  body  which  lias  no  such 
effect,  the  result  of  their  mutual  action  is,  that  the  hot  body  eon. 
tracts,  and  loses  to  a  certain  extent  its  power  of  communicating 
heat,  and  the  other  body  expands,  and  in  a  degree  acquires  this 
power. 

This  4aw  may  be  exemplified  with  respect  to  werj  form  of  pen- 


SOUBCB8  AND  JSFFBCT8  OF  BB^T.  51 

derable  mmCter.  If  a  polished  cylioder  of  tio,  which  accurateljr 
iits  a  riog,  be  betted  bo  as  to  make  water  boil,  it  will  no  longer 
pan  througb  the  ring,  and  will  be  found  enlarged  in  all  its  dimen. 
siMifl*  If  spirits  of  wine  be  heated  in  a  glass-ressel  having  a  narrow 
tnbnlated  neck,  as  it  becomes  capable  of  communicating  the  sensa* 
tion  of  beat,  it  will  be  found  to  expand  and  to  rise  in  the  narrow 
neck;  and  if  the  body  of  the  same  vessel  be  filled  with  air,  and  it 
be  inverted  in  water,  its  neck  containing  w|iter,  the  air  will  ra* 
pidly  expand,  on  the  application  of  a  heated  body,  and  will  cause 
the  water  to  descend  in  the  neck  of  the  vessel. 

r 

3.  Different  solids  and  fluids  expand  mry  difierintly  when 
heated  by  the  same  means* 

Glass  is  less  expansible  than  any  of  the  metals  ;  100,000  parts 
raised  from  the  degree  of  freezing  to  that  of  boiling  water,  expand 
so  as  to  become  100,083  parts ;  100,000  of  platinum  under  similar 
circumstances  expand  so  as  to  become  1 00,08?  ;  and  equal  parts 
of  gold,  antimony,  cast-irou,  steel,  iron,  bismuth,  copper,  cast, 
brass,  silver,  tin,  lead.zinc,  and  hammered  zinc  expand  in  the 
fottowiDg  order:  100094,  100108,  lOOllI,  100112,  100126, 
100130,  100170,  100189,  100238,  100287,  180296,  100308. 
The  topansive  power  of  liquids  in  general  is  greater  than  that  of 
solids;  alcohol  appears  to  be  more  expansible  than  oils,  and  oils 
in  general  more  expansible  than  water,  i  00,000  parts  of  mercury 
of  the  same  degree  of  heat  as  ice,  become  at  the  degree  of  heat  at 
which  water  boils  101,835.  All  the  elastic  fluids,  or  the  different 
species  of  air  that  have  been  examincH,  as  has  been  demonstrated 
by  Messrs.Dalton  and  Gay  Lussac,  expand  alike  when  h<*ated  to 
the  same  degree  ;  100  parts  of  encli  at  the  Ireczing  point  of  water 
becoming  about  137)^  at  the  boiling  point. 

It  is  evident  that  the  density  of  bodies  must  be  diminished  by  ex. 
pansion ;  and  in  the  case  of  fluids  and  gasses,  the  parts  of  which 
are  mobile,  many  important  phenomt  na  depend  upon  this  circum- 
stance. If  heat  be  applied  to  fluids  or  to  gasses,  the  heat^  parts 
change  their  places  and  rise  ;  and  the  colder  parts  descend  and  oc. 
cnpy  their  places.  Currents  are  constantly  produced  in  the  ocean 
and  in  great  bodies  of  water,  in  consequence  of  th's  etTnct.  The 
heated  water  rises  to  the  surface  in  the  tropical  climates,  and  flows 
towards  colder  ones,  thus  the  warmth  of  the  Gulf-stream  is  felt  a 
thousand  miles  from  its  source ;  and  deep  currents  pass  from  the 
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colder  to  the  warmer  parts  of  the  sea  :  and  the  general  tendency  ot 
these  changes  is  to  e(|aalize  the  temperature  of  the  globe. 

In  the  atmosphere,  heated  air  is  constantly  rising,  and  coltfer 
air  rushes  in  to  suppfy  its  place ;  and  this  event  is  the  principal 
cause  of  winds :  the  air  that  flows  from  the  poles  towards  the  equa- 
tor, in  consequence  of  the  rotation  of  the  earth,  has  less  motion 
than  the  atmosphere  into  which  it  passes,  and  occasions  an  easterly 
eurrent;  the  air  passing  from  the  equator  towards  the  poles  having 
more  motion,  occasions  a  westerly  current ;  and  by  these  changes, 
the  different  parts  of  the  atmosphere  are  mixed  together :  coid  is 
subdued  by  heat,  moist  air  from  the  sea  is  mixed  with  dry  air  from 
the  land,  and  the  great  mass  of  elastic  fluid  surrounding  the  globe, 
preserved  in  a  state  dtted  for  the  purposes  of  vegetable  and  animal 
life. 

3  There  are  very  few  exceptions  to  the  law  of  the  expantion  of 
bodies,  at  the  time  they  become  capable  of  communioating  the  sen- 
sation of  heat;  and  these  exceptions  seem  entirely  to  depend  opoa 
some  chemical  change  in  the  constitution  of  bodies,  or  on  their 
crystalKne  arrangements.  Thus  clay  contracts  considerably  fn 
dimensiobs  by  a  f  ery  intense  heat,  and  on  the  measure  of  its  con- 
tractions the  pyrometer  of  VTedgwood  is  founded :  but  in  this  case 
the  clay  first  gives  off  water,  which  was  united  to  its  parts,  and  af. 
terwards  these  parts  cohere  together  with. more  force,  and  from 
being  in  a  state  of  loose  aggregation  become  strongly  united. 
Water  expands  a  little  before  it  congeals,  and  expands  consider, 
ably  during  its  conversion  into  ice  ;  but  in  this  case  it  assumes  thte 
crystalline  form ;  and  its  parts  whilst  they  are  arranging^  them, 
selves  to  form  regular  solids,  probably  leave  greater  interstices 
than  they  occupied  when  at  uniform  distances  in  the  fluid.  Thus 
the  same  weight  of  matter  will  occupy  much  g;reater  space  when 
arranged  in  a  certain  number  of  octahedrons,  than  when  arranged 
in  a  similar  number  of  cubes,  or  hexagonal  prisms.  Certain  saline 
solutions  likewise  that  shoot  into  prismatic  crystals,  expand  at  the 
moment  they  become  solid ;  and  the  case  is  the  s^me  with  cast- 
iron,  bismuth,  and  antimony. 

The  expansion  of  water  during  its  conversion  into  ice,  is  shewn 
by  the  circumstance  of  ice  swimming  upon  water ;  and  if  water  in 
a  deep  vessel  be  examined  at  the  time  ice  is  forming,  it  will  be 
found  a  little  warmer  at  the  bottom  than  at  the  top ;  and  these  cip. 
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caiMtaiices  are  of  great  importance  in  tba  ctconomy  of  pat  ore. 
Water  congeals-  only  at  Hm  surface,  where  it  is  liable  to  be  acted 
apoB  by  the  sun,  and  by  warm  currents  of  air  which  tend  Co  re- 
store it  to  the  fluid  state ;  and  when  water  approaches  near  the 
point  of  freezing  It  begins  to  descend,  so  that  no  ice  can  form  till 
tiie  whoia  of  the  water  has  been  cooled  to  the  point  where  it  pos. 
ae«et  tbe  greatest  density  ;  and  in  the  deep  parts  of  the  sea  and 
Ihket,  ereo  in  some  of  the  northern  latitudes,  the  duration  of  the 
long  winter  is  insufllkieot  to  cool  the  water  to  the  degree  at  which 
ice  foms. 

4*  When  equal  quantities  of  the  same  matter  dtfTf^rently  heated 
aro  Bliaed  together,  as  much  as  the  one  contracts,  so  much  the 
other  seems  to  ezpand.  It  is  easy  to  prove  this  by  shaking  toge* 
ther  IQD  parts  of  mercury  so  hot  as  not  to  be  touched  without 
pain,  and  100  parts  in  its  common  state,  ha?ing  proriously  mea- 
sured the  space  they  occupy ;  if  the  mixture  is  made  ia  the  tube 
that  contained  the  hot  mercury,  there  will  be  no  sensible  change  of 
volume. 

It  is  on  the  idea,  that  when  heat  or  the  power  of  rt>puhion  is 
tommuuicafed  from  body  to  body,  as  much  is  gained  by  one  body 
as  Ib  lost  by  the  other,  that  thermometers  have  been  framed,  and 
the  doctrines  of  temperature,  and  capacity  for  heat  founded. 

5,  The  most  common  thermometer  is  a  glass  bulb,  containing 
mercury,  terminated  by  a  glass  tube,  haying  a  very  narrow  bore. 
The  roercnry  is  boiled  to  expel  any  air  or  moisture  that  might  be 
attached  to  it ;  and  at  the  moment  it  is  in  ebullition,  the  extremity 
of  the  tube  being  drawn  to  a  fine  point,  is  hermetically  sealed  by 
a  spirit  lamp.  For  the  purpose  of  acquiring  a  scale,  the  bulb  is 
first  plunged  into  melting  ice,  and  the  place  where  the  mercury 
stands  is  marked  ;  the  bulb  is  afterwards  plunged  into  boiling 
water  and  the  same  operation  repeated.  On  Fahrenheit's  scale 
this  space  is  divided  into  180  equal  parts,  and  similar  parts  are 
taken  above  and  below  for  extending  the  scale,  and  the  freezing 
point  of  water  is  placed  at  32%  and  the  boiling  point  at  212*.  In 
Fahrenheit's  scale  1.8  degrees  are  equal  to  one  degree  of  the  ceq. 
tigrade  thermometer,  and  2.25  to  one  degree  of  Reaumur, 

Other  fluids  besides  mercury,  such  as  alcohol,  are  sometimes 
used  in    thermometers,   particularly  for,  measuring  low  degrees 

when  mercury  freezes, 
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Air  is  employed  io  the  diffprential  (hermometer,  which  eonsistf 
of  two  bulbs  filled  with  air,  and  connected  by  a  capillary  tube  con* 
taining  oil  of  yitriol :  the  heated  body  is  brought  in  contact  with 
one  bulb^  the  air  of  which  expands  and  driTes  the  fluid  towards  the 

other  bulb. 

6.  Temperature  is  the  power  bodies  possess  of  communicating 
or  receiving  heat,  or  the  energy  of  repulsion  ;  and  the  tempenu 
ture  of  a  body  is  said  to  be  high  or  low  with  respect  to  another,  in 
proportion  as  it  occasions  an  expansion  or  contraction  of  its  parts ; 
and  the  thermometer  is  the  common  measure  of  temperature. 

7.  When  equal  Tolumes  of  different  bodies  of  different  tempera, 
tures  are  suffered  to  remain  in  contact  till  they  are  poissessed  of  the 
same  temperature,  it  is  found  that  thin  temp«^raturc  is  not  a  mean 
one,  as  it  would  be  in  the  case  of  equal  volumes  of  the  same  body. 
Thus,  if  a  point  of  quicksilver  at  1 00%  be  mixed  with  a  pint  of 
water  at  50*,  the  resulting  temperature  is  not  75%  but  about  JCT : 
the  mercury  hait  lost  SCT,  when  as  the  water  has  gained  only  20^« 
In  the  cornmor.  languag*^  of  chemical  philosoph<>rs  this  d  fference  is' 
said  to  dppend  upon  the  different  capacities  of  bodies  for  heat,  and 
the  capacity  of  a  body  is  said  to  be  greater  or  less,  in  proportion 
as  its  temperatur'-  is  less  or  more  raised  by  the  addition,  ordimi. 
nislied  by  the  subtraction  of  equal  quantities  of  the  power  of  repuL 
sion.  or  heat.  Thus  mercury  is  said  to  have  a  much  less  capacity 
for  heat  than  water ;  and  taking  the  farts  above  stated  as  data,  and 
comparing  the  weights  of  the  two  bodies,  which  are  as  13.3  to  J, 
their  capacities  .will  l)p  to  each  other  as  about  19  to  1. 

T:ibles  of  the  relative  capacities  of  bodies  are  given  in  the  works 
of  different  authors.  Tn  referring  to  the  various  bodies  which  are 
the  bubjecTs  of  chemistry,  this  property  will  be  described  amongst 
other  properties.  Tn  general  it  appears  that  the  substances  most 
expansible  by  heat  are  those  which  have  the  greatest  capacities  ; 
thus  gaspes  in  general  have  greater  capacities  than  fluids,  and  fluids 
than  solids  ;  but  the  extra  ratio  has  not  been  yet  determined. 

8.  Different  bodies,  it  appears,  have  their  temperatures  diffe. 
rently  raised  by  the  addition,  or  diminished  by  the  subtraction  of 
equal  quantities  of  heat,  or  the  power  of  repulsion,  and  they  are 
likewise  affected  by  heat,  or  expanded  with  very  different  degrees 
of  celerity.  If  slender  cylinders  of  silver,  of  glass,  and  of  char* 
coal,  of  equal  length  and  size,  be  held  in  the  central  part  of  the 
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fltme  of  a  candle,  the  silver  rapidly  becomes  heated  throughoat, 
aod  cannot  beheld  in  the  hand  ;  the  heat  is  more  slowly  communi* 
caled  through  the  glass,  but  the  charcoal  becomes  red-hot  at  the 
one  extremity  long  before  any  heat  is  felt  at  the  other  extremity. 
These  difTereoces  are  said  to  depend  upon  (he  diff'rent  powers  of 
these  bodies  /or  conducting  heat  \  thus  the  sjUi^r  is  said  to  be  a 
better  conductor  than  the  glass,  and  the  glass  than  thQ  charcoal. 
In  general  those  hollies  that  are  the  densest,  and  that  have  the  least 
capacity  for  heat,  are  the  best  conductors;  thus  the  meUla  con- 
dact  betier  than  any  other  solids  ;  gasses.  are  worse  conductors 
than  fluids,  and  fluids  than  solids :  but  there  are  exceptions  with 
respect  to  this  correspondence  between  conducting  powers  and  den- 
sity, and  a  remarkable  one,  in  the  densest  known  body  in  nature, 
platioa,  which  ia  perhaps  the  worst  conductor  amongst  the  metals* 

Aoimal  and  vegetable  substances  in  general,  are  very  bad  con« 
doctors ;  thus  the  hair  and  wool  of  animals,  and  the  feathers  of 
birds,  are  admirably  fitted  to  protect  them  from  the  cold,  and  they 
inclose  and  retain  air,  which  being  a  still  worse  conductor,  enhan. 
ces  the  effect.  It  was  supposed  by  Count  Unmford,  that  the  fluids 
and  gasses  are  perfect  nonconductors  of  heat,  and  that  their  par- 
ticles can  be  heated  in  no  other  way,  except  by  coming  in  succes- 
sion to  the  source  of  heat ;  but  some  very  conclusive  experiments 
seem  to  render  this  opinion  untenable.  In  general,  however,  fluids 
and  gasses  alter  their  places,  from  a  change  of  specific  gravity  much 
more  rapidly  than  they  communicate  or  receive  heat.  This  is  illus. 
trated  by  *  very  simple  experiment  ;  let  an  air  lliermome(er  be  in- 
verted in  a  vessel  of  water,  so  that  the  extremiry  of  the  bulb  is 
barel)r  beneath  the  surface,  let  a  little  ether  be  poured  upon  the 
water  so  as  to  form  a  stratum  about  ^  of  an  inch  above  the  ther- 
mometer, and  let  the  ether  be  inflamed;  however  delicate  the  ther. 
Diometer,  the  air  in  it  will  not  soon  expund  ;  the  ether  boils  vio- 
lently, but  a  very  lon^  process  of  this  kind  is  required  to  commu- 
nicate any  sensible  heat  to  the  water.  UnL  ss  the  particles  of 
gasses  and  fluids  had  been  capable  of  communicating  hear  to  a  cer. 
tain  extent,  the  upper  strata  of  liquids  would  be  almost  the  only 
permanently  heated  parts ;  and  heat  would  be  constantly  accumu- 
lating on  the  surface  of  extensive  seas.  Our  lower  atmosphere 
likewise  would  be  intensely  cold  during  the  absence  of  the  sun  : 
but  by  the  relations  between  the  conducting  (>ower  and  the  mobi. 

B4 
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Ittj  of  fluids  and  gasses  ;  the  changes  of  temperature  of  air  aed 
water  are  made  progress! fe  and  equable,  and  adapted  to  a  habit* 
able  globe •  As  heat  is  propagated  yery  slowly  throogh  gaMOiis 
bodies,  so  they  communicate  it  very  slowly  to  other  bodies,  a  cir* 
cuthstance  that  might  be  eipected  from  the  small  quantity  of  matter 
they  contam,  when  compared  to  other  substances.  The  heat  of 
metals  at  the  temperature  of  120°  is  scarcely  supportable;  water 
scalds  at  150° ;  but  air  may  be  heated  to  240°  without  being  pain* 
ful  to  our  organs  of  sensation,  and  a  temperature  near  this  was  ex^ 
perienccd  for  some  minotes,  by  Sir  Joseph  Banks,  Sir  Charles 
Blagden,  and  Dr.  Fordyce,  in  a  room  artificially  heated. 

The  power  of  abstracting  heat  in  air  is  likewise  comparatirely 
Tery  small ;  in  the  high  northern  latitudesa  cold  has  been  ezpe* 
rienced  without  injury,  in  which  mercury  froze ;  and  if  in  this 
State  of  the  atmosphere,  metallic  substances,  of  the  same  tempera, 
tore,  were  touched,  a  sensation  like  that  of  burning  was  expo* 
rienced,  and  the  part  blistered. 

9.  Heat,  or  the  power  of  repulsion,  may  be  considered  as  the 
antagonist  power  to  the  attraction  of  cohesion,  the  one  tending  to 
separate,  the  other  to  unite  the  parts  of  bodies ;  aud  the  tormB  of 
bodies  depend  upon  their  respective  agencies.  In  solids  the  at- 
tractive force  predominates  over  tl^e  repulsive  ;  in  fiuids,  and  in 
elastic  fluids  they  may  be  regarded  as  in  different  states  of  equili. 
brium;  and  in  ethereal  substances  the  repulsive  must  be  considered 
ai  predominating  over,  and  destroying  the  attractive  force. 

AH  the  different  substances  in  nature,  under  certain  circum- 
stances, are  probably  capable  of  assuming  all  these  forms ;  thus 
solids,  by  a  certain  increase  of  temperature,  become  flnids^  and 
fluids  gasses ;  and  vice  versa^  by  a  diminution  of  temperature 
gasses  become  fluids,  and  floids  solids. 

Instances  of  the  fusion  of  solids  by  heat  are  too  familiar  to  re- 
quire any  particular  notice  ;  when  water  becomes  steam  by  boil- 
ing, it  is  merely  the  conversion  of  a  fluid  into  an  elastic  fluid;  and 
a  simple  instance  of  this  circumstance  may  be  given  in  the  ebulli* 
tion  of  ether.  Let  a  littre  ether  be  introduced  into  a  small  glass 
retort  filled  wilh  water,  and  inverted  in  water ;  the  ether  will  swim 
above  the  water,  in  the  upper  part  of  the  retort;  let  a  heated  bar 
of  metal  be  held  near  the  part  of  the  retort  containing  the  ether, 
as  the  heat  is  conamnnicated,  globules  will  be  seen  to  rise,  and  in  a 


80UBCHS  AMD  ErPCCTS  OF  HBAT.  '57 

^ety  short  time  elastic  fluid  will  be  formed,  in  such  quantiiice,  as 
to  expel  the  water  from  the  vessel :  on  suffering  the  glass  to  cool, 
the  oiastic  matter  will  be  condensed,  and  will  become  again  floid. 

If  a  globttle  of  mercury  be  held  in  a  spoon  of  platina,  over  the 
flame  of  a  lamp,  it  will  be  w'My  agitat<*d,  and  will  rapidly  dimi- 
ohh.  This  is  owing  to  its  becoming  elastic,  and  flying  off  in  gas  : 
and  by  a  very  low  temperature,  which  may  be  artificially  produced 
by  mixing  together  rery  cold  snow  and  a  salt  called  muriate  of 
lime,  mercnry  may  be  congealed  into  the  solid  form. 

Different  bodies  change  their  states  at  Tery  different  tempera* 
tures.  Thus  mercnry,  which  is  a  solid  at  about  40  below  Fahren. 
heit,  boils  at  abont  660;  sulphur,  which  becomes  fluid  at  2 1 8% 
hoiis  at  570* ;  ether  boils  at  9er,  The  temperatures  at  which  the 
common  metals  become  gaseous,  are  generally  tery  high,  and  most 
of  them  incapable  of  being  produced  by  common  means.  Iron, 
manganese,  platina,  and  some  other  metals,  which  can  scarcely  be 
fused  in  the  best  furhaces,  are  readily  melted  by  electricity  ;  and 
by  the  Voltaic  apparatus^  a  degree  of  heat  is  attained,  In  which  pla- 
tina not  only  fuses  with  readiness,  but  seems  even  to  er aporate. 

With  respect  to  the  conversion  of  solids,  fluids,  or  gasses,  into 
ethereal  sobstmces,  the  proofs  are  not  of  the  same  distinct  nature 
ss  those  belongijig  to  their  conrersion  into  each  other.  When  the 
temperature  of  a  body  is  raised  to  a  certain  extent,  it  bi*comes  lu. 
minoas  ;  and  heated  bodies  not  only  affect  other  bodies  by  direct 
contact,  but  likewise  exert  an  influence  on  tbem  at  a  distance, 
which  is  ascribed  to  what  is  usnally  called  radiant  heat.  One  so- 
lution of  this  phenomenon  is,  that  particles  are  thrown  off  from 
heated  bodies  with  great  velocity,  which  by  acting  on  our  organs 
produce  the  sensations  of  heat  or  light,  and  that  their  motion, 
communicated  to  the  particles  of  other  bodies,  has  the  power  of 
expanding  them  ;  thus  if  heat,  or  the  force  of  repulsion,  be  so  in- 
creased in  an  elastic  fluid,  as  to  overcome  the  force  of  cohesion 
and  gravitation,  these  particles  would  move  in  right  lines  through 
free  space  ;  and  we  know  of  no  other  effects  they  could  produce, 
than  those  of  heat  and  light.  It  is  perhaps  in  favour  of  this  opi- 
nion, that  all  the  different  elastic  fluids  expand  equally,  when  their 
temperatures  are  equally  raised ;  and  from  observations  made  on 
the  eclipses  of  Jupiter's  satellites,  and  from  other  phenomena  pre. 
sented  by  the  heavenly  bodies,  it  appears  that  the  motions  of  li^t, 
are  equable. 
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It  maj,  howereT)  be  Mid,  that  the  radiant  matters  enltted  bf 
bodies  in  ignition,  are  specific  substances,  and  that  common  matter 
is  not  susceptible  of  assuming  this  form  ;  or  it  may  be  contended, 
that  the  phenomena  of  radiation  do,  in  fact,  depend  upon  motions 
communicated  to  subtile  matter  every  where  existing  in  space, 

9.  The  temperatures  at  iihich  bodies  change  their  states  from 
fluids  to  solids,  though  in  general  definite,  are  influenced  by  a  few 
circumstances,  such  as  motion  and  pressure.  Water,  liept  per- 
fectly at  rest,  may  sometimes  be  cooled  to  22*,  without  congela- 
tion; but  if  at  a  temperature  below  3Ty  it  be  agitated,  ice  instantly 
forms.  A  saturated  solution  of  Glauber's  salt,  introduced  whilst 
warm  into  a  bottle,  from  which  the  prpssure  of  the  atmosphere  is 
excluded,  remains  liquid  after  cooling,  but  if  the  atmosphere  be 
snflR»red  to  act  upon  it,  it  instantly  crystallizes.  The  boiling  pofait 
of  fluids  is  still  less  fixed,  than  the  point  of  fusion  of  solids,  and  is 
immediately  dependent  upon  pressure.  Thus  ether  will  boil  rea. 
dfly  at  the  freezing  point  of  water,  in  the  exhausted  receifer 
of  an  air-pump  ;  and  it  appears  from  the  researches  of  Professor 
Robinson,  that  in  a  racuum,  all  liquids  boil  about  145**  lower, 

«  than  in  the  open  air.  Under  pressure,  liquids  may  be  heated  to  a 
high  degree  ;  water  in  a  Papin*s  digester,  may  have  its  tempera- 
ture raised  to  300%  but  at  the  moment  the  pressure  is  removed, 
elastic  matter  is  disengaged  with  great  violence. 

10.  A  peculiar  distinction  has  been  made  by  some  authors  be. 
tween  permanent  elastic  fluids,  and  elastic  fluids  which  are  con- 
densible  by  pressure  or  cold  ;  but  these  substances  difi^er  only  in 
the  degree  of  the  point  of  vaporization ;  and  steam  at  500  de- 
grees  of  Fahrenheit,  there  is  every  reason  to  believe,' '  would  be 
equally  incondensible  with  air  at  a  range  of  temperature  such  as 
we  can  command  below  our  common  temperatures  :  and  some 
gases  that  are  permanent  under  all  common  circumstances^  as  am<* 
|Donia,  are  condensible  by  intense  cold  aided  by  pressure* 

All  bodies  that  boll  at  moderate  temperatures,  seem  to  evapo- 
rate, 80  as  to  produce  a  certain  quantity  of  elastic  matter  in  the 
common  state  of  the  atmosphere  ;  and  this  quantity  is  greater  in 
proportion  as  the  temperature  Is  high.  According  to  Mr.  Dalton, 
the  force  of  vsponr  increases  in  geometrical  progression  to  the 
twmperatvre,  but  the  ratio  differs  In  different  fluids.    It  is  certain 
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that  u  tbe  traiperatore  approach***  near  the  point  of  eballition,  in 
Jiqaidfl,  the  streni^h  of  fht*  mpotir,  t.  e,  the  quantity  that  would 
rise  In  free  spar**,  rp.pidlj  increases. 

In  hot,  dry  weath^**.  it  h  ohvions  th<it  there  roast  be  much 
moro -vppimr  in  the  atn  Dsphere.  than  in  cold  net  weather  ;  and 
the  iar^r«t  nnnntity  exists  in  stimmer  and  m  the  tropical  climateS| 
wh<rn  aiois:  re  is  most  neefled  for  the  purposes  of  life  ;  and  it 
appears  (o  be  tlir*  aqneous  vapour  in  the  atmosphere,  wbicb,  when 
rondonsed  br  tlie  iriTtare  of  cold  with  hot  air,  or  hy  other  a/;en- ' 
cies  occa<si*^nin9  a  chan<:e  of  its  temperature,  is  the  cause  of  dew, 
mists,  rain,  ami  ultimately  of  springs,  and  rirers. 

1 1.  Whvn  solids  are  converted  into  fluids,  or  fluids  into 
gasses,  tie  re  is  always  a  loss  of  heat  of  temperature,  and  vice 
vcrsSf  when  gasses  are  couferted  into  flnids,  or  fluids  into  solids, 
there  is  an  increase  of  heat  of  temuerature,  and  in  this  case  it  it 
laid  that  latent  heat  Is  absorbed  or  ,<^ivcn  out.  Thus  if  equal 
WM<;ht9  of  snow  at  3*2"  and  of  water  at  \7V  be  mixed  together,  the 
whole  of  the  snow  is  melted,  but  the  temperature  of  the  mixture  is 
found  to  be  39",  so  that  \4(f  deg^rees  of  heat  are  lost.  Again,  if 
wat«*r  be  heated  in  a  Papin's  digester  to  300  degrees,  and  the 
ralre  be  raised,  a  quantity  of  steam  instantly  rises,  which  has  tha 
temperature  of  21^,  and  the  temperature  of  the  water  in  the  dii. 
gester  is  fonnd  to  be  the  same,  so  that  a  great  quantity  of  heat  of 
temperature  is  lost  in  converting  the  water  into  steam. 

If,  when  the  air  is  at  20^,  a  quantity  of  water  be  exposed  to  it 
in  a  tall  glass,  the  water  gradually  cools  down  to  32%  without 
freezin*^,  but  if  it  be  shalcen,  so  as  to  be  converted  into  ice,  the 
temperature  of  the  ice  is  found  to  be  at  32^,  so  that  the  degree  of 
heat  is  raised  during  the  act  of  freezing. 

If  one  part  of  steam  or  aqueous  gas,  at  212%  be  mixed  with 
six  parts  by  weight  of  water  at  62**,  the  whole  of  the  steam  will  be 
condensed,  and  the  temperature  of  the  fluid  will  be  about  212%  so 
that  there  is  an  immense  increase  of  the  heat  of  temperature,  and 
SXXT  may  be  considered  as  taken  from  the  steam,  and  as  added  to 
the  water. 

All  the  phasnomena  of  these  changes  may  be  referred  to  a  sim« 
pie  general  law,  of  which  Dr.  Black  was  the  discovrer,  and  which 
has  been  most  ably  illustrated  by  the  researches  of  Wilke,  Watt, 
frrioe,  and  Crawford,  namely,  <^  that  whenever  a  body  Changes 
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Its  form,  its  relations  to  tempentare  are  likewise  changed,  eiHier 
increased  or  diminished  ;'*  and  many  important  operations,  bo(h 
artificial  and  natural,  depend  upon  this  law.  The  knowledge  of 
it,  for  instance,  led  Mr.  Watt  to  make  his  great  inproTement  of 
the  steam.engine,  by  which  the  steam  is  condensed  out  of  the  cy* 
linder  in  which  its  force  is  eiRcient,  and  fresh  gaseous  matter  in. 
troduced  without  any  chance  of  a  loss  of  its  elasticity. 

One  of  the  most  perfect  modes  of  heating  large  rooms,  and  of 
procuring  a  uniform  temperature  for  the  purposes  of  manufacture, 
is  by  the  condensation  of  steam.  By  the  cold  produced  in  conse- 
quence of  the  evaporation  of  water  in  hot  climates,  congelatioo  'it 
effected  ;  and  in  the  nights  in  I3engal,  when  the  temperature  is  not 
below  fifty,  by  the  exposure  of  water  In  earthemware  pans  npon 
moistened  bamboos,  thin  cakes  of  ice  are  formed^  which  are  heftp. 
ed  together  and  preserved  under-ground  by  bping  kept  in  contact 
with  bad  conductors  of  heat.  The  cold  produced  by  evapontioa, 
is  likewise  the  cause  of  the  formation  of  ice  in  Mr.  Leslie's  elegant 
experiment,  in  which  sulphuric  acid  is  placed  in  a  vessel  upon  the 
plate  of  an  air-pump,  and  water  in  another  vessel  raised  above  it; 
the  surfaces  both  of  the  acid  and  the  water  being  considerable. 
When  an  exhaustion  is  made,  the  sulphuric  acid  rapidly  absorbs 
the  vapour  rising  from  the  water  ;  fresh  vapour  is  immediately 
formed,  and  in  a  few  minutes,  if  the  circumstances  are  favourable, 
speculs  of  ice  are  seen  to  form  on  the  surface  of  the  water. 

When  aqueous  vapour  is  condensed  into  fluid  in  the  atmosphere, 
heat  is  produced ;  and  the  formation  of  rain,  hail,  and  snow,  tends 
to  mitigate  the  severity  of  the  winter.  Tn  the  summer,  evapora. 
tion  is  constantly  tending  to  cool  the  surface.  The  melting  of  the 
polar  ice  moderates  the  heat  that  would  arise  in  the  northern  re. 
glons  from  the  constant  presence  of  the  sun  during  the  polar  sum* 
mer.  And  the  evolution  of  heat  during  the  congelation-  of  water, 
prevents  too  great  a  degree  of  cold,  and  renders  the  transitions  of 
temperature  more  slow  and  gradual. 

12*  When  the  forms  of  bodies  are  changed  by  mechanical 
means,  or  when  mechanical  forms  are  made  to  act  upon  them,  there 
is  usually  a  change  of  temperature.  A  piece  of  caotchpuc  extended 
and  suffered  to  contract  rapidly  by  mechanical  means,  becomes 
hot ;  a  nail  is  easily  made  red-hot  by  a  few  well  directed  blows 
of  the  hammer;  and  by  the  friction  of  solids,  considerable  in* 
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ereise  of  ftvnpertttire  is  prodoced ;  thai  the  azle.trees  of  carriagM 
sooefiniea  foflane, 

Bj  sfroDg  pretSDre,  fluids  e? en  are  made  luminous,  as  has  boen 
fitely-alwwD  by  M.  Dessaignes. 

When  an  elastic  fluid  is  compressed  by  mechanical  means,  i^ 
tempefataTe  is  raised ;  and  when  the  compressing  forces  are  great 
nul  nqpidlj  applied,  the  effect  is  such  as  to  cause  the  ignition  of  bo* 
dies.  A  raacbbie  for  setting  flre  to  tinder  of  the  agaric,  by  the 
coiDpi«asioflr  of  air,  has  been  for  some  time  in  use. 

Whevuir  in  made  to  expand  by  remoTing  compressing  forces,  a 
dimuratson  of  temperature  is.  occasioned.  Thus  the  mercury  in 
the  theiwweter  sinks  at  the  time  of  the  rarefaction  of  %ir,  by  ec 
baasting  the  receifer  of  an  air*pump. 

In  the  eommoo  language  of  chemistry,  it  may  be  said  that  the 
capacity  of  ehntic  fluids  for  heat  is  diminished  by  compression,  and 
encffMcd  by  rarefaction ;  and  it  is  probable  that  when  the  yolnmot' 
of  elastic  fluids  ere  changed  by  change  of  temperature,  there  is 
likewise  n  change  of  capacity,  and  on  these  ideas,  it  Is  easy  to  rc* 
count  lor  the  correspondence  between  the  diminution  of  the  temt 
peratore  of  the  atmosphere  and  its  heights  ;  for  if  it  be  conceiteil 
that  tlio  capacity  of  air  rarefied  by  heat,  increases  as  ft  ascends, 
the  heaft  of  temperature  which  was  the  cause  of  its  ascent,  must,  at 
a  certain  erefation,  become  heat  of  capacity  :  and  the  higher  an(f 
more  rarefied  the  air,  the  more  it  is  removed  from  the  source  of 
heat,  and  the  greater  its  power  of  diminishing  temperature. 

A  Tery  curious  phenomenon  is  produced  during  the  action  oi 
the  fountain  of  Hiero  at  Schemnitz  in  Hungary ;  the  air  in  the 
machine  is  compressed  by  a  column  of  water,  260  feet  high,  and 
when  a  stop.cock  is  opened  so  as  to  sufifer  air  to  escape,  its  sudden 
rarefaction  produces. a  degree  of  cold  which  not  only  precipitates 
aqueous  yapours,  but  causes  it  to  congeal  in  a  shower  of  snow, 
and  the  pipe  from  which  the  air  issues,  becomes  covered  with  ici- 
cles. Dr.  Darwin  has  ingeniously  explained  the  production  of 
snow  on  the  tops  of  the  highest  mountains  by  the  precipitation  of 
f^Mmr  from  the  rarefied  air  which  ascends  from  plains  and  failies. 
The  chain  of  the  Andes,  placed  almost  under  the  line,  rises  in  the 
midst  of  burning  sands  ;  about  the  middle  height  is  a  pleasant  and 
mild  climate ;  the  summits  are  covered  with  unchanging  snows ;  and 
these  ranges  .of  temperature  are  always  distinct ;  the  hot  w^nds 
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from  below,  if  they  ascend,  become  cooled  in  coo^eqaence  of  ex- 
pansion, and  the  cold  air,  if  by  any  force  uf  (he  blast  it  is  driveo 
downwards,   is  roudi  nsed,  and  rendered  warmci  as  it  descends. 

It  seums  probable  that  the  capacity  of  soKds  and  fluids  is  in 
creased  by  tixpansion,  and  diminished  by  condc^nsation  ;  and  if 
this  is  the  ca.si,  the  additions  of  equal  quanriiies  of  heat  will  gire 
smalhr  increincnts  of  tun  p'raturo  at  high  than  at  low  degrees, 
which  must  to  a  cirtain  extent  render  the  thermometer  inaccurate 
in  the  highest  degrees,  though  probably  only  to  a  v^ry  smaU  ex« 
teut,  oi  little  importance  as  to  all  practical  purposes ;,  and  this 
cause  of  inaccuracy  appears  to  be  counteracted  by  another,  Uiat 
fluids  seem  to  be  more  expansible  by  heat  in  proportion  as  their 
temperature  is  higher. 

13*  In  all  chemical  changes  there  is  an  alteration  of  tempera, 
ture ;  and  in  most  instances  when  gasses  become  floids,  or  fluids 
•olids,  there  is  an  increase  of  temperature;  and  vice  venoj  there 
is  usually  a  diminution  of  temperature  when  solids  become  floids, 
or  fluids,  gasses.  For  instance,  when  the  highly  inflammable  sub- 
.stance  called  phosphorus,  some  of  whose  properties  will  be  hereafter 
described,  is  burnt  in  the  air,  it  is  found  to  cond^pse  a  particular 
.part  of  the  air,  and  a  high  temperature  is  produced  during  the 
process.  When  %  solid  amalgam  of  bismuth,  and  a  solid  amalgam 
of  lead,  are  mixed  together,  they  become  fluid,  and  the  ther- 
mometer sinks  during  the  time  of  their  action. 

There  are,  however,  a  number  of  cases  in  which,  though 
gaseous  bodies  or  fluids  are  formed  from  solids,  an  increase  of 
temperature  occurs  :  thus,  in  the  explosion  of  gunpowder  a 
large  quantity  of  asriform  matter  is  disengaged,  yet  a  Tioleat  heat 
is  produced. 

And  there  is  an  instance  in  which  at  the  time  of  the  separation 
of  two  species  of  gaseous  matter  from  each  other,  which  is  con- 
jQected  with  expansion,  there  is  an  increase  of  temperature  ;  tbttS| 
when  a  little  of  the  gas  which  I  have  named  Kuchlorine,  and 
which  consists  of  the  substance  called  by  the  French  chemists  oxj- 
mnriiltic  gas,  and  oxygene  gas,  is  gently  heated  in  a  small  glass 
tabe  over  mercury,  an  explosion  takes  place,  fire  appears,  and 
yet  the  two  gasses  occupy  a  greater  volume  than  before  the  ex* 
plosion. 

14*  As  attempts  have  been  made  to  account  for  attraction,  by 
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Ae  soppositloii  of  the  eiittonce  of  a  peculiar  matter,  ib  calorific 
rtpuisioH  has  been  accounted  for  by  sopposing  a  subtile  fluid,  ca. 
pable  of  combining  with  lx>dies,  and  of  separating  their  parts  from 
each  other,  which  has  been  named  (he  maiier  of  heat^  or  caloric. 

Many  of  the  phenonrena  admit  of  a  happy  explanation  on  this 
idea,  such  as  the  cold  produced  during  the  cosTersion  of  solids 
into  fluids  or  gasses,  and  the  increase  of  temperature  connected 
with  the  condensation  of  gasses  and  fluids ;  but  there  are  other 
fecti' which  are  not  so  easily  reconciled  to  the  opluion  :  such  are 
the  production  of  heat  by  friction  and  percussion  ;  and  some  of 
the  chendcal  changes  which  have  been  just  referred  to.  When  the 
temperature  of  bodies  is  raised  by  friction,  there  seems  to  be  no 
dhoinntion  of  their  capacities,  using  the  word  in  its  common  sense; 
and  in  many  chemical  changes  connected  with  an  increase  of  tem« 
perature,  there  appears  to  be  likewise  an  increase  of  capacity.  A 
piece  of  iron  made  red-hot  by  hammering  cannot^  be  strongly 
heated  a  second  time  by  the  same  means,  unless  it  has  been  preyi. 
ottsly  introduced  into  a  fire.  This  fact  has  been  explained  by  sup. 
posing  that  the  fluid  of  heat  has  been  pressed  out  of  it,\by  the 
percussion,  which  n  recovered  in  the  fire ;  but  this  is  a  rerjr  rude 
medumicsl  idea :  the  arrangements  of  its  parts  are  altered  by 
hammering  in  this  way,  and  it  is  rendered  brittle.  By  a  mode- 
rade  degree  of  friction,  as  it  would  appear  from  Rumford's  exp«*- 
riments,  the  same  piece  of  metal  may  be  kept  hot  for  any  length  of 
time  ;  so  that  if  heat  be  pressed  out,  the  quantity  must  be  inex. 
baustible.  When  any  body  is  cooled  it  occupies  a  smaller  volume 
than  before ;  it  is  evident,  therefore,  that  its  parts  must  have 
approached  towards  each  other  :  when  the  body  is  expanded  by 
lieat,  it  is  equally  evident  that  its  parts  must  have  separated  from 
each  other.  The  immediate  cause  of  the  phenomena  of  heat  then 
is  motion,  and  the  laws  of  its  communication  are  precisely  the 
same  as  the  laws  of  the  communication  of  motion. 

Since  all  matter  may  be  made  to  fill  a  smaller  volume  by  cool- 
ing, it  is  evident  that  the  particles  of  matter  must  have  space  be*, 
tween  them ;  and  since  every  body  can  communicate  the  power 
of  expansion  to  a  body  of  a  lower  temperature,  that  is,  can  give 
an  expansive  motion  to  its  particles,  it  is  a  probable  inference 
that  its  own  particles  are   possessed  of    motion  ;    but  as   there 
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if  no  change  in  the  position  of  its  parts  as  long  as  its  tempera* 
ture  is  uniform,  the  motion,  if  it  exists,  must  be  a  Tibratorj  or 
undulatory  motion,  or  a  motion  of  the  particles  roand  their 
axes^  or  a  motion  of  particles  round  each  other* 

It  seems  possible  to  account  for  all  the  phsenomena  of  heat^  if 
it  be  supposed  tiiat  in  solids  the  particles  are  rn  a  constant  state  of 
vibratory  motion,  the  particles  of  the  hottest  bodies  moving  with 
the  greatest  velocity  and  through  the  greatest  apace  5  that  10 
fluids  and  elastic  fluids,  besides  the  vibratory  motion,  which  must 
be  coiMseived  greatest  in  the  last,  the  particles  have  a  motion  ronotl 
their  own  axes,  with  difiereut  velocities,  the  particles  of  elastic 
fluids  moving  with  the  greatest  qoickness  ;  and  that  in  ethereal 
aubstances  the  particles  move  round  their  own  axes,  and  sciparala 
from  each  other,  penetrating  in  right  lines  through  space.  Tern* 
perature  may  be  conceived  to  depend  upon  the  velocities  of  the 
vibrations;  increase  of  capacity  on  the  motion  being  performed 
in  greater  space  ;  and  the  diminution  of  temperature  during  the 
conversion  of  solids  into  fluids  or  gasses,  may  be  explained  on 
the  ide^  of  the  loss  of  vibratory  motion,  in  consequence  of  tHe  re. 
volulfon  of  particlee  round  their  axes,  at  ttie  moment  when  the 
body  becomes  fluid  or  aeriform^  or  from  the  loss  of  rapidity  of 
vibration  in  consequence  of  the  motion  of  the  particles  through 
greater  space. 

If  «  specific  fluid  of  heat  be  admitted,  it  most  be  supposed  liar 
i»le  to  most  of  the  affections  which  the  particles  of  common  matter 
are  assumed  to  possess,  to  account  for  the  phenomena ;  such  at 
losing  its  motion  when  combining  with  bodies,  producing  motion 
when  transmitted  from  one  body  to  another,  and  gaining  projec* 
iile  motion,  when  passing  into  free  space :  so  that  many  hypo, 
theses  must  be  adopted  to  account  for  its  mode  of  agency,  which 
Tenders  this  view  of  the  subject  less  simple  than  the  other.  Very 
delicate  experiments  have  been  made  which  shew  that  bodies  when 
heated  do  not  increase  in  weight.  This,  as  far  as  it  goes,  is  an 
evidence  against  a  specific  subtile  elastic  fluid  producing  the  calo. 
rific  expansion  ;  but  it  cannot  be  considered  as  decisive,  on  ac- 
count of  the  imperfection  of  our  instruments ;  a  cubical  inch  of 
inflammable  air  requires  a  good  balance  to  ascertain  that  it  hat- 
any  sensible  weight,  and  a  substance  bearing  the  same  relation  to 
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this,  that  this  bears  to  platinoin,  could  not  perhaps  be  weighed 

hy  an  J  methods  in  our  possession* 
Some  arguments  hare  been  raised  in  favour  of  the  existence  of  a 

specific  fluid  of  heat,  from  the  circumstances  of  the  communication 
of  heat  to  bodies  in  exhausted  receivers,  and  from  the  manner  ia 
^hich  they  are  affected  by  this  heat ;  but  there  are  no  meant 
known  in  experimental  science  of  producing  a  perfect  Tacnom; 
even  the  best  Torricellian  vacuum  must  contain  elastic  matter. 
The  great  capacity  of  such  highly  rarefied  matter  is  an  obstacle  to 
the  indication  of  temperature  ;  but  supposing  a  communication  of 
heat,  the  laws  must  be  analogous  to  those  of  heat  communicated 
to'comnon  air.  If  a  long  cylinder  of  metal,  placed  perpendicu. 
larly,  be  heated  in  the  middle,  the  warmest  part  will  be  above, 
from  the  ascent  of  heated  particles  of  the  elastic  medium  ;   but  if 

a  sphere  be  heated  in  the  middle,  the  hottest  portion   will  bo 

below,  as  the  heated  elastic  matter  must  remain  longer  in  contact 

with  the  inferior  than  with  the  superior  portion. 

[Sir  H.  Davy's  Elem.  of  Chem.  Phil. 

For  the  following  carious  Table  of  the  comparative  effects  of 
Heat  upon  different  snbstances  we  are  indebted  to  Dr. Young ;  in 
order  to  comprehend  which  it  will  be  necessary  to  observe,  that  the 
letters  w.and  r.  relate  to  the  respective  thermometers  of  Wedgwood 
and  Fahrenheit,  for  a  knowl(>dge  of  the  principles  of  which  we 
most  refer  the  reader  to  the  second  general  di^sion  of  the  present 
work,  or  that  part  of  the  Gallery  of  Nature  and  Art  which  relates 
to  the  latter  subject. 

Wedj^wood's  Rrcatcit  heat 240*  W. 

Naokr^o  poicflain  withstands    ...»•   ..•  IGO 

Brst  Cliioese  porcelain  ftofteDcd     156 

Pi?  iron  raelt^  completely     • 160 

Bristol  porcelain  withstands    135 

Pig  iron  bejrins  fo  melt  W,       ISO  W.  17977  F. 

Iron,  pnre  nickel,  and  pure  cobalt  melt,  Borifman 1601 

Smtib's  forije        125 

Plate  glass  furnace       • 124 

Bow  porcelain  vitrifies     121 

I nferfor  Chinese  porcelain  softens' 120 

Flint  g1a«s  furnace       114 

Derby  porcelain  Titrifies 112 

Chelsea  pprcelaio  vitrifies      1 05 

Stone*w«re,  pots  de  jrii,  baked 10:J 

TOL.  If.  F 
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WeMiog  heat  of  Iron 9» 

Worcester  porcelain  vitrifies      t4 

Welding  heat  of  iron  begi OS       ...-• • 90 

Cream-coloured  ware  baked    • • 80 

Flint  glass  farnace,  weak,     70 

Working  heat  of  plate  glass   5T 

Delf  ware»  baked       ..• •     41 

Fine f oU oielU,  W 82»W.WS7»F, 

Bergman ISOl 

Settling  heatof  flintglass      ••••^ 99 

Fine  illTcr  melts,  W.  * • ••••    28  471T 

Bergman 1000 

Swediih  copper  ntlti^  W«      91  458T 

Bergman    •«••  U60 

Bmi9  melts    *» •! 

Enamel  burnt  on       • 0 

Red  beat,  Ylsiblc  by  day-light,  W OW.  107T 

Bergman      lOfiO 

Red  heat,  Tiiible  in  the  dark    — IW.    947 

Antimony  melu,  Bergman       r  §00 

Zinc  melts,  Bergman      •  •  • • • 099 

Mercury  boils       600  or  055 

Expressed  oUs  boU      000 

i590 
540 

Stiel  becomes  deep  bine       580 

Oil  of  tnrpentine  boils {334.5 

Lead  melts        ••• • 540 

Biot      504 

Beigman      «• 595 

Bisiouth  melts         •i* ••  4|S0 

,         Bergman      •  •  •  494 

Steel  becomes  straw-coloured^  the  best  temper  for  peDkoWes  400 

Lead4,  tin  1,  melts       ••• • 400 

Tin  melU      •••• 40S 

Biot       410 

Bergman      415 

ChHchton.  Ph.  M«      ......  44S 

Bismuth  1,  tin  1,  meltf       ,^.. 888 

Nitric  acid  boils        242 

Saturated  solution  of  salt  boils SI9 

Water  boils,  the  barometer  at  30 %i^ 

Bismuths,  tin  3,  lead  2,  meitt ${% 

Bismuth  8,  lead  5,  tin  3,  melts SIO 

Alcohol  boils     ,.  174 

Scrum  and  albamcn  coagulata    •.•••..,...  ly 
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(lis lU 

Heat  of  tea  and  coffee     ISO  to  140 

Feverith  heat      lOT  to  119 

Heat  for  incubation  108 

A  pIcMUt  htOh     MftolOe 

The  interior  iNitk  at  Ediobofgh     100k 

Bloodlieat    96  to  100 

Tempente  air 09 

Ice  melts S^F, 

Wedgwood  thinlBi  the  lreesio|;  point  of  imponr  a  little  liiglier* 

Ifilkfireeace     30 

Sea  water  firee^es    ••..  9t 

Akolwl  10«  water  14»   by  weiflit,  fireeict     ••••  91      . 

Wine  fireeset   ... 80 

Alcohol  I,  water  3,  freesfi     7 

Alcohol  1,  water  1,  frerset     —    7 

Akohol  9,  water  ly  freeset     —  II 

Mercary  freexes*  contracting  about  1-83      —  30 

lYounfi  Nat.  Phil. 

SECTION    II. 

FariaiioH  of  Local  Heat, — By  James  Six,  Esq. 

To  investigate  the  variation  of  local  heat,  I  made  the  following 
eiperiments.  On  Sept.  4,  1 783,  I  placed  thermometers  in  3  dif» 
ferent  stations  ;  one  on  the  top  of  the  high  tower  of  Canterbnrjr 
cathedra],  about  2^0  feet  from  the  ground ;  another  at  the  bottom 
of  the  same  tower,  at  about  1 10  feet;  and  a  3d  in  my  own  garden,* 
not  more  than  6  feet  from  the  ground.  They  were  all  carefully 
eiposed  to  the  open  air  in  a  shady  northern  aspect ;  the  lowest 
was  as  little  liable  to  be  affected  by  the  reflection  of  the  sun's  rays 
ts  the  elevation  would  permit,  the  second  still  less,  and  the  highest 
not  at  all.  They  thus  remained  in  their  several  places,  where  I 
visited  them  daily  for  3  weeks,  and  minuted  down  the  greatest  de^ 
gree  of  heat  and  cold  that  happened  each  day  and  night  in  their  re* 
spective  stations,  by  a  peculiar  thermometer. 

By  these  observations  it  appears  that,  notwithstanding  somo 
irreguUrities,  the  heat  of  the  days  at  the  lowest  station  always  ex. 
ceeded  that  at  the  middle,  and  still  more  the  heat  at  the  upper 


^i»— *i 


not  far  from  the  cathedral,  at  the  extremity  of  the  boildingi  on 
tM  Mrth  iid«  «f  Uiaclty^«^ri|. 

t  3 
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statieii.  As  in  many  instances  the  higher  regions  of  the  atmo^ 
sphere  hare  been  found  to  be  colder  than  the  lower,  and  the  ther- 
mometer in  the  garden  was  more  liable  to  be  heated  by  the  reflec* 
tion  of  the  sun's  rays  from  the  earth  than  the  upper  ones,  a  dif- 
ference of  this  kind  might  have  been  expected.  But  I  was  greatly 
surprized  to  find  the  cold  of  the  night  at  the  lowest,  not  only  eqnat 
to,  but  yery  frequently  exceeding  the  cold  at  the  higher  stations. 
As  I  wished  to  know,  whether  these  yariations  wonld  continae  tha 
same  tn  winter,  when  the  weather  was  colder:  and  whether  a  ther- 
mometer, placed  at  some  distance  from  the  city,  haying  an  eleya- 
tion  equal  to  that  on  the  top  of  the  cathedral  tower,  wonld  agree 
with  it;  on  Dec.  19,  1783,  I  disposed  the  3  thermometers  in  the 
following  manner  :  one  in  my  garden  ;  one  on  the  top  of  the  high 
tower,  as  before;  and  the  third  on  the  top  of  St^Thomas*s  hilt, 
about  a  mile  distant  from  the  city,  where,  at  15  feet  from -the 
ground,  it  was  nearly  leyel  with  that  on  the  cathedral  tower.  The 
weather  at  this  time  proving  cold,  favoured^the  experiment ;  and 
I  now  found  the  several  thermometers  nearly  agreeing  with  each 
other  in  the  day-time ;  but  in  the  night,  the  cold  at  the  lower 
station  exceeded  the  cold  at  the  higher  ones  rather  more  than  it  did 
In  the  month  of  September,  when  the  weather  was  warmer. 

At  the  time  of  taking  these  thermometrical  observations,  I  like- 
wise noted  the  different  dispositiops  of  £he  atmosphere  in  other  re- 
spects: such  as  the  pressure,  moisture,  and  dryness  of  the  air; 
force  and  direction  of  the  winds;  quantity  of  rain;  whether  the 
appearances  of  the  sky  were  clear  or  cloudy,  &c.  as  I  apprehended 
the  local  variation  of  the  thermometers  might,  in  a  certain  degree^ 
correspond  with  some  particular  change  in  the  state  of  the  atmo- 
sphere.    The  event  answered  my  expectation  in  a  singular  manner 
in  respect  to  the  nocturnal  variation  ;  for  it  generally  happened, 
that  when  the  sky  was  dark  and  cloudy,  whatever  was  the  con- 
dition of  the  atmosphere  with  regard  to  the  other  particulars  abova 
enumerated,    the  thermometers  agreed  pretty  nearly  with  eack 
other ;  but,  on  the  coutrary,  whenever  the  sky  became  clear,  the 
cold  of  the  night  at  the  lowest  station  in  the  garden  constantly  ez^ 
ceeded  the  cold  at  the  top  of  the  cathedral  tower,  where  the  instru- 
■lent  was  placed  220  feet  from  the  ground,  entirely  exposed  to  the 
#pen  air,  wind,  dews,  and  rain,  in  a  shady  northern  aspett. 
The  local  variations  in  the  day  time  seemed  to  be  regulated  bj 
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(he  genenl  degree  of  heat  only,  without  bei^g  affected  by  aoj  other 
particular  ditpoiition  of  the  atmosphere,  or  the  clearness  or  cloa* 
dioets  of  the  sky,  as  the  Docturoal  Tariations  were.  la  the  month 
of  September,  when  the  glasses  rose  from  60**  to  70*",  the  heat  at 
the  lower  station  constantly  exceeded  the  heat  at  the  upper  station ; 
sod  ia  some  measure  proportions bly,  as  the  weather  was  hotter,^ 
In  Decerolier  and  January,  when  from  below  30"  they  seldom  roso 
to  40%  the  local  Tariation  in  the  day.time  nearly  ceased,  or  was 
foand  in  very  small  degrees  inclining  sometimes  one  way,  some* 
ttmet  the  other. 

That  the  clearness  of  the  sky  should  contribute  to  the  coolnesa 
of  the  air  in  the  ni^ht,  is  not  at  all  surprising ;  but  that,  whenever 
the  f^ky  becomes  clear,  the  cold  should  seem  to  rise  from  the  earthy 
snd  be  found  in  the  greatest  degree,  as  long  as  it  continues  dear^ 
IB  the  lowest  situation,  seems  a  little  extraordinary :  this  however 
tppeared  to  be  the  case,  both  in  the  warmer  and  in  the  colder 
weather,  doring  the  whole  time  these  observations  were  taken. 
Abont  noon,  on  the  3d  of  January,  the  sky  becoming  clear,  the 
air  got  cooler ;  and  going  into  my  garden,  abont  8  in  the  evening, 
J  perceived  the  surface  of  the  ground,  which  had  been  wet  by  the 
rain  in  the  forenoon,  began  to  be  frozen.  Looking  immediately 
at  the  thermometer,  I  saw  the  mercury  at  33^" ;  and  observing  a 
[aece  of  wet  linen  hanging  near  the  glass,  not  5  feet  from  the 
ground,  I  took  it  into  my  hand,  and  found  it  not  in  the  least 
frozen ;  by  which  it  appeared,  that  the  degree  of  cold  which  had 
frozen  the  surface  of  the  ground,  had  not  then  ascended  to  the 
glass,  nor  to  the  linen,  and  consequently  had  not  been  comrouni* 
cated  to  the  air  5  or  6  feet  above  the  earth.  The  next  day  1 
found,  as  expected,  a  considerable  local  variatiou ;  the  index  for 
the  cold  of  the  night  in  the  garden  being  at  32%  that  on  the  hill 
being  at  35^%  and  that  on  the  top  of  the  tower  at  3;|^  Probably 
the  weather  did  not  continue  clear  the  whole  night ;  if  it  had,  it  is 
likely  the  degrees  of  cold  would  have  been  found  propertionably 
greater  at  every  station.     On  the  morning  of  the  4th  there  fell  a 


«  As  the  heat  at  the  lower  station  exceeded  the  heat  at  the  upper  ones,  when 
the  weather  was  hot ;  and  eqoally  so,  whenever  the  sky  was  cloudy,  as  well  as 
when  it  was  clear  f  it  appears,  that  (he  glass  at  the  lower  station  was  not  mate* 
Hally  albctcd  by  the  reflection  of  the  sun's  rays  fron  the  earth,  as  at  first  I  ap* 

preh^aded  it  wonl^  bCf— Opg. 

f  3 


70  TARtATIOK  OF  LWAl  HBAT. 

nfsty  caiD,  which  contiDued  only  (itl  noon,  when  the  sky  bcfcam^ 
clear  again,  and  continued  so  till  the  7th ;  during  which  time,  the 
tioctarnal  heights  of  the  thermometers  differed  considerably  from 
•ach  other;  but  on  the  sky's  becoming  cloudy,  the  local  variation 
ceased. 

By  experiments  of  this  kind  it  may  possibly  in  some  measore  be 
found,  how  far  eTaporations  from  the  earth,  at  certain  times>  Or 
tapoors  ascending,  descendiug,  or  meeting,  in  different  parts  of 
the  atmosphere,  may  increase  or  diminiah  the  heat  of  the  air  in 
those  places  :  or  whether  different  degrees  of  heat  and  cold,  sub* 
ject  however  to  change,  may  not  be  found  in  different  strata  of  air, 
or  vapour,  floating  in  different  parts  of  the  atmosphere ;  or  in 
what  degree  and  proportion  the  cold  increases  at  different  altitudes, 
and  in  different  seasons  of  the  year ;  whether  the  cold,  which  is 
known  to  be  very  intense  in  the  summer  time  on  the  tops  of  high 
mountidns,  receives  a  proportional  increase,  or  be  not  less  subject 
to  variety  by  the  return  of  winter  and  summer,  night  and  day,  than 
what  we  experience  in  the  plains  below. 

IPhii.  Trans.  i;«4. 

Mr.  Six  afterwards  continued  a  similar  series  of  experiment^ 
throughout  an  entire  year,  in  order  to  ascertain  how  far  the  resnlts 
might  coincide  with  those  of  the  preceding  paper,  which  were  coO. 
fined  to  a  part  of  the  autumn  and  of  the  winter.  To  this  end,  as 
he  tells  us,  in  another  paper  communicated  to  the  Royal  Society 
in  the  year  1788,  he  suspended  proper  thermometers  in  a  shady 
northern  aspect,  in  the  open  air,  at  different  heights;  one  in  the 
garden  at  9  feet,  and  another  in  the  Cathedral  Tower  220  feet  from 
the  ground ;  continuing  his  journal,  with  the  omission  of  a  few 
days  only,  from  July  1784  till  July  1786.  The  result  entirely 
corresponded  with  what  was  before  observed  respecting  the  noc 
turnal  diminution  of  heat,  and  the  particular  state  of  the  atmo* 
sphere  requisite  to  produce  it.  From  the  ^5th  to  the  28th  of  Oc- 
tober, the  he;^t  below  in  the  night  exceeded,  in  a  small  degree,  the 
heat  above,  at  which  time  there  was  frequant  rain,  sometimea 
mingled  with  hail.  From  the  11th  to  the  14th,  and  also  on  the 
31st,  there  was  no  variation  at  all;  during  which  time  likewise 
the  weather  was  rainy ;  all  the  rest  of  the  month  proving  clear,  the 
air  was  found  colder  below  than  it  was  above,  sometimes  9  or  lO 
degrees.     On  cloudy  nights,  in  June^    the  lowest  tMefmometer 
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loBietiiiieB  tbowed  tiM  Imt  to  be  a  degree  or  t  wtrtter  Aaa  the 
ipper  one ;  but  in  tlie  dmy  tiiae  tbe  heat  below  cootUoUjr  es« 
ceeded  Hie  beet  abore  laore  tban  ia  the  moalb  of  October. 

Being  deiiroiit  of  knowing  whether  the  noctvrnal  refrigeration 
increased  on  a  nearer  approach  to  the  larfiMe  of  the  earth,  Mr.  S 
plued,  in  the  midst  of  an  open  meadow,  on  the  bank  of  the  rif  er, 
t  thermometen ;  one  on  the  ground,  and  the  odier  0  feet  alN»?e 
H;  with  these^  and  the  9  others  before  mentioned,  one  on  tlie 
towery  and  the  other  in  the  garden,  he.made  obserrations  from 
As  lOlh  to  the  tad  of  October,  1780.  Here  he  fonnd,  as  before, 
the  noctamal  Tariations  entirely  regulated  by  the  clearness,  or  the 
dondinem  of  tim  sky  ;  and  though  they  did  not  always  happen  in 
the  same  proportion  to  the  respectire  aititudei,  yet,  when  the 
thermometers  differed  at  all,  that  on  the  ground  was  always  the 
coldest. 

Finding  so  considerable  a  difference  as  3}*  within  0  feet  of  the 
earth's  snrfoce^  Mr.  S.  increased  tiie  number  of  thermometers  in 
Ae  meadow  to  4 ;  one  of  them  he  sunk  in  the  ground,  another  he 
placed  just  on  the  gronnd,  a  third  he  suspended  at  3  feet,  and  a 
ftmrth  at  6  feet  from  the  ground.  At  the  sasse  time  he  placed  S 
thermometers  in  an  open  garden  on  St.  Thomas's  Hiii,  where  the 
land  is  le? el  with  the  Cathedral  Tower,  and  about  a  mile  distant 
from  it ;  here  he  likewise  put  one  in  the  ground,  another  just  on 
it^  and  suspended  a  third  6  feet  abore  it.  With  these  7  thermo* 
meters  and  the  2  before-mentioned,  in  the  city,  he  continued  a 
dtaiy  for  20  days,  taking  also  every  morning  the  temperature  of 
the  water  in  the  rirer;  but  the  weather  proving  cloudy  soon  after, 
tlie  thermometers  hardly  varied  at  all,  y  or  8  days  only  excepted* 
After  this  time  he  never  rectified  them  but  when  the  appearance  of 
the  weather  gave  reason  to  expect  that  Ihey  would  vary  consider- 
ably :  by  which  it  appears,  that  the  cold  in  the  night  was  generally 
greater  in  the  valley  than  that  on  the  hill ;  but  that  the  variations 
between  the  thermometers  on  the  ground,  and  those  6  feet  above 
them,  were  often  as  great  on  the  hill  as  in  the  valley. 

From  the  foregoing  experiments  it  appears,  that  a  greater  dimi- 

nation  of  heat  frequently  takes  place  near  the  earth  in  the  night* 

time,  than  at  any  elevation  in  the  atmosphere  within  th^  limits  of 

Mr.  Six's  inquiry ;  and  that  the  greatest  degrees  of  cold  are  at  such 

tioms  always  fonnd  nearest  to  the  surface  of  the  earth;  that  this  is 

P4 
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a  constant  and  regular  operation  of  nature,  under  certain  circom*: 
stances  and  dispositions  of  the  atmosphere^  and  takes  phice  at  aii 
seasons  of  the  year ;  that  this  difference  never  happens  in  any  con* 
iiderable  degree  but  when  the  air  is  still,  and  the  sky  perfectly  un. 
clouded ;  but  the  moistest  vapour,  such  as  dews  and  fogs,  did  not^ 
as  far  as  he  could  perceive,  at  all  impede,  but  rather  increase  the 
r^rigeration.  In  very  severe  frosts,  when  the  air  frequently  de» 
posits  a  great  quantity  of  frozen  vapour,  he  generally  found  it 
greatf  St ;  but  the  excess  of  heat,  which  in  day.tinae,  in  the  suninier 
soason,  was  found  at  the  lower  station,  in  the  winter  diminished 
almost  to  nothing. 

The  foregoing  experiments  related  to  the  difference  of  heat  which| 
at  certain  times,  is  found  at  different  altitudes;  the  following  to 
the  different  degrees  of  heat  observed  at  different  situations  in  re« 
spect  to  the  sea.shore.  Mr.  S.  exhibits  a  set  of  corresponding  ob« 
servatious ;  among  which  are  some  taken  at  Chislehurst,  by  the 
Rev.  Mr.  Woiiaston  ;  others  at  the  same  time  were  taken  in  Mr. 
S.*8  garden,  and  on  the  Cathedral  tower ;  and  others  on  the  sea* 
shore,  about  7  miles  n.  n.  w.  from  Canterbury,  where  the  thermo- 
meter was  suspended  about  40  feet  above  high. water  mark,  14  from 
the  ground,  and  about  100  yards  from  the  sea*  Hence  it  appears 
that  every  night,  one  only  excepted,  during  that  time,  the  air  was 
coldest  at  Chislehurst ;  and  that  the  mean  heat  at  the  sea.shore  was 
equal  to  that  on  the  tower  at  Canterbury.  In  the  month  of  June 
the  cold  was  still  greater  in  the  night  at  Chislehurst  than  at  any  of 
the  other  places,  excepting  where  there  appeared  2  currents  of 
wind,  the  upper  current  from  the  s.  w.  and  the  lower  from  the  n.  £. ; 
at  which  time  also  there  was  the  greatest  difference  between  the  ther* 
mometer  in  the  garden  and  that  on  the  tower. 

The  followiug  experiments  relate  to  the  variation  of  local  heat  in 
the  earth  itself;  the  diversity  of  which  appears  from  the  different 
fieat  of  the  water  issuing  from  it  at  different  places.  It  has  been 
conjectured,  that  the  diversity  of  the  temperature  of  springs  may 
probably  depend  on  their  different  elevations  in  the  earth,  with  re- 
spect to  the  level  of  the  sea.  Two  remarkably  deep  wells,  both 
near  the  sea-shore,  and  not  far  distant  from  Canterbury,  gave  a  fa- 
Tourable  opportunity  of  making  experimental  inquiry  into  this 
matter ;  especially  as  the  situation  of  the  2  springs  diffiTed  consi. 
derably  from  each  other  in  respect  to  the  level  of  the  sea*    One  of 
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flwM  it  a  vdl  in  Dom  Ctitle,  which  ii  rank  SflO  fott  thnMgh  Um 
high  cliff  of  clwlk  on  which  the  castle  stands,  and  tlie  depth  of  tho 
weU  M  nearlf  cqoal  to  tho  height  of  the  cliff  from  the  tea.  The  other 
ii  King's- Weil  at  Sheerneis.  which  was  sunk  SJO  feet  through  alsn 
eno  entire  tCratam  of  firm  clay,  where  the  surface  of  the  groand  ia 
ealj  lonr  fatt  aboTO  high  water.  Supposing  therefore  tlie  spring  in 
DioTer  waell  to  lie  leiel  with  the  sea,  the  spring  of  the  well  at  Shear* 
aaas  lies  3%6  feet  lielow  it ;  a  drcumstance  extremely  lavouralile  to 
tko  cspeffiment.  The  temperature  of  the  springs  he  took  in  tin 
Mlowing  aunner.  After  fathoming  each  well  with  a  lane  mmi 
plnmsset,  lie  let  one  thernometer  down  to  the  bottom,  and  fixed 
another  on  tho  line,  so  as  to  reach  to  half  the  depth  only,  Ibaepinf 
a  Jd  to  talM  the  teaiperatore  of  the  air  at  the  top. 

Itpt.  fiUt  1794.    Tenperahire  of  the 

water  la  IIm  aew  weU  ia  Dofcr 

GMtlc. 
By  the  tbemoneter  at  the  top.  .   50* 
Bj  ditto  at  Cbeniddle  .    •    •    •    M 
Bj  ditto  at  ibeboUtom    .    •    •    48| 

F^Bd  the  well  960  feet  deep  with 
21  feel  wftcr. 


Oct.  6,  1T84.    Tempemfare  of  Ae 
water   in    Kiag*i   Well  at  SImci^ 
nru. 
B^r  the  thenBometeratthe'top.    .    59* 
By  ditto  at  the  middle     •      •    •    51 
By  ditf.o  at  the  bottom     ...    56 
Foflod  the  well  880  fbel  deep*  with 
ISO  feet  water. 


About  noon  was  the  time  of  day  when  Mr.  S.  made  the  experU 
ments  at  both  places,  and  the  top  of  the  respectlre  wells  Taryiog 
from  each  other  depended  wholly  on  the  accidental  temperature  of 
the  atmosphere  at  the  time ;  but  that  the  thermometer  at  half  tho 
depth  of  the  well  at  Dorer  gaTe  nearly  the  mean  heat  of  the  top  and 
bottom,  while  that  in  a  corresponding  situation  In  the  well  at 
Sheemess  gare  it  colder  than  either  top  or  bottom ,  he  attributes  to 
the  following  circumstance.  Orer  the  well  at  Sheerness  a  ma.i 
chine  b  erected,  which  raises  the  water  by  means  of  an  horizontal 
windmill,  working  an  endless  chain.  This  chain,  consisting  of 
jointed  double  bars,  with  a  number  of  buckets  fixed  at  certain  dis« 
tances  from  each  other,  continually  descending  into,  and  ascending 
out  of  the  water,  to  an  elevation  of  8  or  9  feet  above  the  top  of  the 
well,  may  be  supposed  to  reduce  the  water  as  far  as  it  reaches  to  the 
mean  temperature  of  the  air  above;  and  thus  he  found  it;  for  51* 
had  been  the  mean  temperature  of  the  air  near  the  sea. shore  for  so. 
▼era!  days  before.     At  the  bottom  of  the  well,  near  to  which  tho 

*  The  sand  brought  up  from  the  bottom  of  the  well,  by  the  force  of  the  ipriiigf 
lias  reduced  it  to  iti  present  depth.— Ori^. 
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chaio  neTer  descends,  he  found  the  temperature  56*;  above  7* 
warmer  than  that  at  DoTer  well. 

The  water  at  the  bottom  of  these  wells  is,  he  presumes,  too  deep 
beneath  the  surface  of  the  earth  erer  to  be  affected  by  the  tempenu 
ture  of  the  atmosphere ;  for  if  the  heat  of  the  summer  could  have 
had  any  influence  on  either  of  them,  that  at  Dorer  must  haTe  been 
most  considerably  affected  by  it,  especially  in  the  month  of  Sepw 
teraber ;  and  the  air  was  something  warmer  when  the  experiment 
was  made  at  Dover  than  at  Sheerness.  From  the  nature  of  tiie  dif- 
ferent kinds  of  strata  in  which  these  wells  are  dug,  had  they  beeil 
in  all  other  circumstances  the  same,  one  might  reasonably  expect 
to  find  the  warmer  spring  in  the  chalk,  and  the  colder  io  the 
clay;  bnt  here  the  revecse  is  seen,  wHhout  any  apparent  local 
cause,  except  the  different  elevations  of  the  springs  in  respect  to 

the  level  of  the  sea. 

iPhil.  Trans,  jibr.  1784, 

SECTION    III. 

Variation  of  Heat  in  Countries  best  known^  or  that  are  most 

exposed  to  it. 

According  to  Cotters  General  Aphorisms,  there  is  little  varia* 
tton  of  heat  between  the  tropics  :  it  l>ecomes  greater  on  plains 
than  on  hills :  it  is  never  so  low  near  the  sea  as  in  'inland  parts  : 
the  wind  has  no  effect  on  it ;  its  maximum  and  minimum  are  about 
six^ weeks  after  the  solstices :  it  varies  more  in  summer  thao  io 
winter  :  it  is  least  a  little  before  sunrise  :  its  maxima  In  the  sun 
and  shade  are  seldom  on  the  same  day  :  it  decreases  more  rapidly 
in  the  autumn  than  it  increases  in  summer.  A  cold  winter  does 
not  forbade  a  hot  summer. 

Kirwan  says,  that  the  mean  heat  at  the  sea  is  84" — 53  (sine 
lat«)\  From  this  we  must  deduct  for  elevation,  1^  for  each  800  feet 
that  we  ascend  perpendicularly,  where  the  declivity  is  about  6  feet 
per  mile;  where  7  feet,  r  for  600  feet;  where  13  feet,  for  500  ; 
where  15  or  more,  1®  for  400.  For  the  distance  from  the  sea, 
we  must  add  1**  for  each  50  miles,  between  IO""  and  20°  latitude  ; 
between  25"  and  3G^,  1*"  for  100  miles :  between  30°  and  30"*^  we 
Bust  deduct  V  for  400  miles  ;  between  35"  and  70r  for  1 50.  It 
seldom  freezes  io  latitude  below  35%  and  seldom  hails  beyond  60^ 
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beew«<M  thct9  Hmifi  it  gvner^lj  thtwt  wImd  the  sqn's  tititadfe  h 
tbore  40*,  The  gremteit  cold  is  usually  half  an  hoar  belbre  am* 
rite ;  the  grtatest  beat  at  the  'equator  about  one  e'dtfck  ;  ftirther 
■ortkr  It  it  later :  fki  latitude  50*  about  half  past  two.  U  latitudi 
ibove  48*  Jnlj  it  wanner  than  August :  in  lowerlatitndei  leolder. 
At  Petenbtirgh  the  greatest  summer  heat  is  nsnalljr  79*.  In  every 
InMtable  climate  there  is  a  heat  of  tfO*  or  more,  for  at  least  two 
■onthiu 

Aeotolrdteg  to  Carallo,  the  greatest  heat  of  the  day  in  Jnly  te 
hisfore  t«ro  o'clock ;  accordlhg  to  others,  about  half  way  between 
Uon  and  fouiet* 

'  Fomd  the  springs  at  KingifCon  m  Jamaica^  about  80*;  afteir  4 
l^ntle  ifcent  of  two  mileto,  70*;  cold  spring,  nearly  1400  yardb 
ftbo^  the  sen,  was  61^;  tbeTarlation  is  l*for  380  fret.  The 
eititaies  at  Kingston  wete  «0  and  91* :  the  nirual  height  Ita  thh 
taoM  aeubn  from  for  to  T^T,  In  the  hot  from  85*  to  90^.  At 
Brighthelmstone  the  heat  of  a  well  was  5(f;  at  Bromley,  In  Now 
rember,  49| ;  and  the  mean  between  the  heat  of  London,  at  sun* 
riit  and  at  two  o*dock,  is  about  49*.3t  Kirwan  givei  58*  for 
the  mean  heat  of  Liondoli,  The  wells  at  New  York  rarj  froili 
BT  to  56\ 

From  the  obserTations  of  the  Royal  Society,  the  mean  tempe. 
rature  in  London  is  50°  5\  Tarying  in  different  years  from  48*  to 
58*;  the  mean  of  the  greatest  cold  and  greatest  heat  Is  50*  or  49*. 

The  mean  of  the  greatest  cold  and  heat  at  Paris  is  54".5.  Ac 
cording  to  CoCte  the  mean  temperature  is  9^**  lleaum.  or  53%4 
Fahn  In  the  summers  of  1753,  1/65,  and  1793,  the  heat  in 
France  was  104*  Fahr. 

The  mean  temperature  at  Columbo  is  79*.6 ;  the  utmost  faria* 
tion  IS". 

In  Sen^al  Lalande  mentions  a  heat  of  1 13*. 

Rosier  IV.  82,  gires  an  account  of  .a  heat  at  34^**  Reaam*  or 
109  Fahr.  at  Pekin  that  was  fatal  to  more  than  10,000  persons. 

In  the  Asiatic  Mirror,  Mag.  for  17899  «^  hare  a  statement  of 
the  heat  at  Cawnpore  from  April  7  to  May  6.  For  twenty.otte 
days  (from  April  14  to  May  6,)  the  mean  heat  without  doors  at 
8  P.M.  was  127*  Fahr.— the  greatest  heat,  April  18,  144*.  The 
mean  heat  at  night  behhid  a  tattee  or  wet  mat,  was  93* ;  the  mean 
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lieat  at  two  o^clock  was  79%  being  at  that  time  48''  lower  than  ia 
the  opeu  air. 

The  followiog  Table  and  remarks  on  the  heat  of  the  diflferent 
seasons  in  India,  is  of  two  much  consequence  to  be  abridged.  The 
obserTations  were  made  at  Allahabad,  by  Sir  Robert  Barker,  in 
1767,  and  was  communicated  to  the  Royal  Society  in  1775. 

The  greatest  part  of  the  observations  at  Allahabad  were  made 
within  doors;  several  were  made  within  a  tent  placed  under  tiie 
ahade  of  trees,  some  in  the  open  air  in  the  sun,  and  some  in  the 
open  air  in  the  shade  ;  but  there  is  no  regular  series  of  observa* 
tions  in  any  one  place  ;  nor  were  they  made  at  stated  times  of  the 
day.  Though  a  thermometer  kept  within  doors  is  but  a  irery  indif- 
ferent measure  of  the  heat  of  any  climate  ^  yet  as  1  have  not  seei| 
any  thermometrical  observations  made  in  that  country,  except  a  few 
dnring  the  heats  of  the  summer,  and  printed  in  the  Philos.  Trans. 
¥ol.  ivii,  p.  218,  I  have  set  down  the  greatest  and  least  heights 
met  with  in  each  month. 

Least.  iGreat. 


Least. 

Great. 

Least. 

Great. 

58 

79 

May 

12 

101 

60 

84 

June 

81 

99 

62 

94 

July 

81 

90 

79 

96 

Aug;ust 

80 

86 

September 
October 
Novciuber 
Ueceiaber 


T8 
72 
52 
5i 


83 
86 


Jsnuary 
february 
March 
April 

From  the  3d  of  May  to  the  4th  of  June  inclusive,  a  thermo. 
meter  placed  within  a  tent,  under  the  shade  of  trees,  was  almost 
every  day  above  100%  and  several  times  above  109°,  once  at  1 1%\ 
The  trees  under  which  the  tent  was  placed,  formed  a  very  thick 
*aik ;  so  that  probably  these  heights  are  more  likely  to  fall  short 
of  the  true  heat  of  the  open  air  at  that  time,  than  to  exceed  tt. 
The  least  height  he  met  with  of  the  thermometer  in  the  open  air  in 
the  shade,  is  42'';  which  it  was  at  twice  in  th^  month  of  January, 
at  7  A.  M.  The  greatest  heat  is  on  June  9th,  at  noon,  when  it 
was  at  114%  the  sky  cloudy;  the  thermometer  within  doors  at  the 
tame  time  95%  which  is  1  tss  than  it  had  frequently  been  in  the 
month  of  May  ;  so  that  it  seems  likely,  that  the  heat  of  the  open 
•ir  In  May  had  frequently  been  above  1 14^  During  the  voyage  to 
England,  the  thermometer  was  placed  in  the  round-house,  and 
was  observed  regularly  at  eight  in  the  morning,  at  noon,  and  at 
three  in  the  afternoon ;  the  winds  and  weather  are  also  set  down. 
The  round-house  is  one  of  the  uppermost  row  of  cabins,  and  is 
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reckoned  the  cooleitt  and  most  airy  part  of  the  ship.  From  Fe« 
bmarf  13  to  April  7,  between  Madras  and  the  southern  tropie, 
the  thermometer  was  constantly  between  77*  and  80^,  and  rerj 
seldom  lower  than  8(r.  From  that  to  April  23,  lat.  34*  1^,  ftboiit 
15''  E.  of  the  Cape  of  Good  Hope,  between  70"  anil  SO*.  Thence 
to  May  20,  at  St.  Helena,  between  6T  and  7T.  Thence  to 
Angnst  3,  in  lat.  43*  14'  N,  between  7  P  and  80*  ;  and  thence  to 
August  15,  in  the  British  Channel,  between  52*  and  70*.  At  land 
it  is  well  known  that  the  heat  is  n«ua11y  considtf^rably  greater  in 
the  middle  of  the  day,  than  in  the  morning  or  night ;  bat  it  ip. 
pears  from  these  obserrations,  that  in  the  open  sea,  there  ia 
scarcely  any  sensible  difference ;  for  in  settled  weather,  the  dif. 
ference  between  the  different  times  of  the  day  was  rarely  moro 
than  1*,  oftener  none  at  all.  In  unsettled  weather  there  was  frc. 
qnently  a  diflference  of  2°,  sometimes  4%  scarcely  erer  more ;  but 
then  there  seems  no  connection  between  this  difference  and  the 
time  of  the  day,  it  being  as  often  colder  in  the  middle  of  the  day 
than  in  the  morning  or  evening,  as  warmer.  There  is  added  a 
register  of  the  thermometer,  in  the  soldiers'  barracks  at  Allahabad^ 
on  Jane  S,  1 769,  when  from  ten  in  the  morning  to  eight  in  tho 
afternoon  it  stood  Constantly  above  100*,  in  the  hottest  part  of  the 
day  at  107%  and  during  the  whole  night  between  99*  and  98*. 

M^'e  shall  throw  a  more  general  glance  over  a  few  other  parts  of 
She  world,  where  also  the  beat  is  frequently  felt  with  a  very  op- 
pressive force. 

It  is  almost  unnecessary  to  observe,  after  what  we  have  re« 
marked  already,  that  in  the  levels  or  mean  elevations  of  tro. 
pical  regions,  ic«  and  snow  arc  unknown,  so  that  the  natives 
would  as  soon  expect  that  marble  should  melt  and  flow  in  liquid 
streams^  as  that  water,  by  freezing,  should  lose  its  fluidity,  and 
be  converted  into  a  solid  body.  To  talk  to  them  of  raiu  or  vapour 
converted  into  sno^v  or  hail,  would  excite  their  ridicule  instead  of 
obtaining  their  belief. 

Egypt.  This  country,  being  situated  between  two  ranges  of 
mountains,  and  having  a  sandy  soil^  is  in  summer  very  hot,  and 
even  in  winter  a  considerable  degree  of  heat  is  felt  toward  the 
middle  of  the  day,  though  the  nights  and  mornings  are  then  very 
cold.  The  severity  of  winter  is  felt  about  the  beginning  of  Fe. 
lUmary^ 
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Arabia.  The  conatries  so  called,  m  their  full  eiLteot,  «r^ 
computed  to  be  thirteen  hundred  miles  in  length,  and  twelre  huo« 
dred  in  breadth  where  broadest:  the  must  southerly  part  lies  in  12* 
3(y,  and  the  most  northerly  in  32**  north  latitude.  It  consists  oC 
three  grand  divisions  :  Arabia  Felix,  or  the  Ilappy,  which  n  Um 
most  southern,  and  the  largest  part ;  Arabia  Deserta,  or  the  De- 
sert, which  stretches  to  the  north;  and  Arabia  Petrea,  or  tht 
Stony,  which  lies  on  the  north.west,  and  is  by  far  the  smallest  of 
the  three  divisions.  That  part  of  Arabia  which  lies  within  the  tropic 
is  excessively  hot,  and  in  many  places  unhealthy,  particularly  those 
parts  which  are  situated  on  the  coast  of  the  Red  Sea.  The  windi 
are  also  hot  and  suffocating,  and  (he  sands  not  only  extremely  trou^ 
blesome  but  dangerous,  they  being  sometimes  driven  by  the  wiodf 
in  such  prodigious  clouds  that  whole  caravans  have  been  buried  and 
lost  by  a  single  storm.  The  southern  part  of  Arabia,  distinguished 
by  the  name  of  the  '<  Happy,"  would  be  considered  a)5  having 
little  claim  to  that  title,  by  a  stranger  traversing  its  shores,  but 
|hould  such  an  one  be  placed  in  its  middle  regions,  beneath  the 
balra.dropping  woods,  and  amidst  the  Terdant  vales,  where  the 
frui(s  of  every  climate  court  the  taste,  and  the  breezes  of  Cassia 
refresh  the  senses,  he  would  acknowledge  that  the  ancients  yerj 
justly  bestowed  on  the  country  that  emphatical  appellation.  The 
Desert  part  of  Arabia  with  el^ual  propriety  bears  that  name,  the 
•oil  consisting  of  barren  sand.  '^  In  the  dreary  waste  of  Arabhi," 
says  Mr.Gibbon,  *'  a  boundless  level  of  sand  is  intersected  bj 
sharp  and  naked  mountains,  and  the  face  of  the  desert,  without 
shade  or  shelter,  is  scorched  by  the  direct  and  intense  rays  of 
a  vertical  sun."  There  are,  howeyer,  large  flocks  of  sheep  and 
herds  of  cattle  near  the  Euphrates,  where  the  soil  is  good; 
there  are  also  great  numbers  of  ostriches  in  the  desert,  and  in 
several  places  a  fine  breed  of  camels.  Arabia  Petraea  is  also 
rendered  famous  on  account  of  the  wanderings  of  the  children  of 
Israel  there  during  forty  years.  '*  People  are  not  there  enter- 
tained," says  Dr.  Shaw,  "  with  a  view  of  pastures  covered  with 
flocks,  or  vallies  enriched  with  corn.  There  are  no  olivc.yards 
or  vine-yards,  but  the  whole  is  a  desolate,  lonesome  wilderness^ 
oply  diversified  by  sandy  plains,  mountains  of  naked  rocks,  and 
saudy  precipices.    This  desolate  country  is  never  refreshed  with 
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nto)  except  sometlnieg  tt  the  equinoxes  ;  and  the  few  hardy  Te* 
getaUet  seen  in  the  clefts  of  the  barren  rocks,  or  wildly  dispersed 
01  the  sandy  plains,  are  shrank  by  a  perpetual  drought  *  for  the 
4rwt  of  the  ni^ht  are  in  a  manner  rendered  insnflUcieat  for  tb# 
pwpoies  of  Tegetation,  by  the  scorching  beat  of  the  sun  during  the 
day.  The  intense  cold  of  the  one,  and  the  heat  of  the  other, 
dsarly  acconnt  for  the  wise  proTision  of  Proiidence  in  spreading 
oier  the  Israelites  a  cloud  to  be  a  coTering  by  day,  and  a  fire  to* 
life  light  [and  perhaps  heat]  in  the  night  season/' 

Thongk  the  land  appears  so  desolate,  yet  the  sur&ce  of  the  Red 
Sea,  when  calm,  discoYcrs,  in  some  (^aces,  snch  a  diiersity  of 
marine  Tsytabies,  that  they  resemble  a  forest  under  water ;  and 
its  shorw  diaplay  a  great  rariety  of  star  fishes,  urchins,  and  fislu 
Mis  of  great  variety  of  beauty  :  but  in  passing  over  the  deserts 
the  timteller  is  much  annoyed  by  swarms  of  locusts  and  hornets, ' 
sad  tt  likewise  in  danger  from  Tipers,  but  the  reptiles  of  the  lizard 
kind,  from  the  rariety  of  their  shapes  and  spotted  skins,  he  liewa 
%ith  osore  pleasure  and  safety.  ^^  Whilst  traTelling,"  says  the 
Jsamed  and  judicious  author  abore  quoted,  ^^  the  heavens  were 
tvery  night  oar  only  covering,  a  carpet  spread  on  the  sand  was  our 
bedy  and  a  change  of  raiment,  made  up  ioto  a  bundle,  served  for 
a  pillow.  Oar  camels  (for  horses  and  mules  require  too  mack 
water  to  be  employed  in  these  deserts)  lay  round  us  in  a  circle, 
with  their  faces  looking  from  us,  while  their  loads  and  saddles  were 
pkced  by  us  behind  them.  In  this  situation  they  served  as  guards 
sndcentinels;  for  they  are  watchful  animals,  and  awake  at  the 
least  noise/' 

In  proceeding  through  these  long  and  dreary  deserts,  no  re. 
fireshment  is  to  be  procored|  except  water  from  springs  which  are 
MHsetimes  met  with  in  the  course  of  four  or  five  days  progress,  so 
that$  previous  to  setting  out,  every  necessary  must  be  provided  for 
the  tedious  and  dangerous  journey;  for  which  purpose  a  number 
of  goals' skins  are  obtained,  which  are  filled  with  water  as  often 
10  it  can  be  found ;  balls  made  up  of  the  flour  of  beans  or  barley 
tie  the  food  for  the  camels,  whilst  wheat  flour,  biscuit,  potted 
Icsh,  hooey,  oil,  vinegar,  olives,  and  such  other  articles  as  will 
Ipssp,  form  the  common  articles  for  the  travellers  themselres. 
Th^  take  with  them  also  wooden  dishes,  and  a  copper  pot,  for 
tfmr  kitchen  furniture.     When  obliged  to  boil  or  bake,  they  make 
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use  of  camel's  dung,  which  (hey  find  scattered  on  f  heir  way,  and 
which  the  camels  of  some  preceding  caravan  had  let  fall;  this^ 
when  exposed  a  day  or  two  in  the  sun,  catcher  fire  like  loach- 
wood,  and  burns  as  bright  as  charcoal.  No  sooner  is  the  food 
prepared,  whether  potted  flesh  boiled  with  rice,  lentil  soap,  or  un. 
leaTfrned  cakes,  served  up  with  oil  or  honey,  than  one  of  the  Arabs^ 
placing  himself  on  the  highest  station  he  can  find,  calls  out  three 
times  with  a  loud  voice,  to  invite  all  his  brethren,  the  sons  of  the 
faithful,  to  come  and  partake  of  it,  though  none  of  them  are  per-* 
baps  within  an  hundred  miles  of  him.  This  custom  the  Arabs 
constantly  observe,  as  a  token  of  their  benevolence. 

In  these  deserts  the  sky  is  generally  clear,  the  winds  blow 
briskly  in  the  day,  and  cease  in  the  night.  Sandy  and  level  spots 
are  as  fit  for  astronomical  observations  as  the  sea,  which  they  nearly 
resemble.  ^^  It  was  surprising  to  observe,"  says  the  writer  above 
quoted,  ^^  in  what  ^n  extraordinary  manner  every  object  seemed 
to  be  magnified,  for  a  shrub  appeared  as  big  as  a  tree,  and  a  flock 
of  achbobbas  (birds  nearly  resembling  the  stork)  might  be  mis- 
taken for  a  caravan  of  camels."  This  seeming  collection  of  waters 
always  advances  about  a  quarter  of  a  mile  before  the  travellers/- 
while  the  intermediate  space  appears  of  one  continued  glow,  from 
the  quivering  undulating  motion  of  that  quick  succession  of  exha* 
lations  raised  by  the  powerful  influence  of  the  sun.  The  violent 
heat  draws  up  even  the  moisture  from  the  carcases  of  the  camels 
and  other  animals,  which,  having  died,  lie  exposed  in  these  deserts^ 
and  prevents  their  putrefaction,  in  consequence  of  which  they 
continue  there  several  years,  moisture  being  one  of  the  most  active 
accessaries  in  the  putrefactive  process.  To  the  same  caose,  added 
to  the  coldness  of  the  nights,  may  be  attributed  the  plentiful  dews 
that  frequently  wet  travellers  to  the  skin  ;  but  the  sun  no  sooner 
rises,  and  the  air  becomes  heated,  than  the  mists  are  dispersed,  and 
the  moisture  of  the  sands  are  exhaled. 

What  is  called  '*  the  Desert  of  Sinai,"  is  a  beautiful  plain  near 
nine  miles  long,  and  above  three  in  breadth  ;  it  lies  to  the  north, 
east,  but  to  the  southward  is  closed  by  some  of  the  lower  eminences 
of  the  mountain  of  this  name,  while  other  parts  of  the  mountain 
make  such  encroachments  upon  the  plain  as  to  divide  it  in  two, 
each  portion  so  capacious  as  to  be  sufficient  to  receive  the  whole 
camp  of  the  Israelites.    That  which  lies  to  the  eastward  of  the 
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mount  is  perhaps  the  desert  of  Sinai,  properly  so  called,  where 
Moses  saw  the  angel  of  the  Lord  in  a  burning  bush.  Orer  the 
place  where  tradition  has  fixed  this  di? ine  appearance  to  hafe  been 
made,  is  erected  a  convent,  dedicated  to  St.  Catherine,  which 
belongs  to  the  Greeks  ;  it  is  three  hundred  feet  square,  and  aboie 
forty  in  height.  On  the  spot  where  they  suppose  the  burning  bush 
to  have  stood.  Is  a  little  chapel,  where  the  monks,  in  imitation  of, 
Moses,  pot  off  their  shoes  whenever  they  enter  it.  This,  with 
some  other  chapels,  dedicated  to  particular  saints,  is  included 
within  the  church  of  the  Transfiguration,  a  large  and  beautiful  struc 
ture,  supported  by  two  rows  of  marble  columns. 

In  that  part  of  Arabia  Petraea  which  geographers  have  diitin. 
guisbed  by  the  name  of  the  ^<  Desert  of  Tadmore,  or  Palmyrene,'* 
formerly  stood  the  magnificent  city  of  Palmyra.  It  was  situated  in 
tbout  33*  N.  latitude,  two  hundred  miles  to  the  south-east  of  Aleppo. 
The  heat  is  here  also  intense,  and  frequently  intolerable. 

Zahara,  or  Zaara.  The  proper  use  to  be  drawn  from  a  survey 
of  the  burning,  barren  and  inhospitable  parts  of  the  globe,  is  to  teach 
as  to  prize  our  own  fmitful  and  temperate  climate,  which  supplies 
tie  body  with  wholesome  aliment,  gratifies  the  senses  by  the  exhibi- 
tion of  pleasing  objects,  and  furnishes  the  best  opportunities  to  the 
mental  powers  of  man  for  the  acquisition  of  useful  knowledge, 
amidst  the  rich  stores  of  science  and  philosophy.  When  perusing 
the  accounts  of  travellers  who  have  endured  such  hardships  and 
fatigues  as  to  men  habituated  to  the  regular  and  quiet  walks  of  life 
would  be  deemed  insupportable,  whilst  their  sufferings  tend  to  in- 
terest our  feelings,  a  consciousness  of  our  own  security  should 
inculcate  content  and  self-satisfaction. 

Those  parts  of  the  continent  of  Africa  which  lie  under  the  tropic 
of  Cancer,  and  in  some  places  extend  ten  degrees  to  the  south  of 
it,  are  sandy  and  desert  as  far  as  from  the  Atlantic  Ocean  on  the 
west,  to  about  the  twenty.fifth  degree  of  east  longitude.  They 
comprehend  a  space  of  more  than  fifteen  hundred  miles  from  east 
to  west,  and  sometimes  run  six  hundred  miles  from  north  to  south. 
This  large  trac^of  land  is  divided  by  the  unlives,  who  are  Arabians, 
into  three  general  divisions,  Capel,  Zaara,  and  Asgar,  which  sig. 
nify  the  sandy,  stony,  and  marshy  deserts;  but  European  geo- 
graphers have  partitioned  the  country  into  seven  provinces,  which 
are  named  Zanaga,  Zuenxlga,  Twarga  or  Hayr,  Lempta  or  Iguidi, 
Bardoa,  Bornon,  and  Gauga. 
VOL.  IV.  c; 
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Travelling  is  here  extremely  fatiguing  and  dangeroaf,  especialFjT 
if  the  summer  proie  dry,  scarcely  a  drop  of  water  being  to  be  seea 
for  thirty  leagues  together  ;    and   when  any  is  found,  it  is  so 
brackish,  as  to  be  equally  unwholesome  and  unpalatable.     Nor  do 
the  cattle  feed  better ;  the  barren  earth  not  yielding  so  much  as  t 
blade  of  grass,  or  any  thing  for  their  sustenance,  which  obliges  the 
passengers  to  carry  not  only  provisions  for  themselves,  but  for  their 
beasts  of  burden.     Bt^sides,  (he  country  being  flat  and  sandy,  with* 
out  mountains,  riyers,  woods,  lakes,  or  any  other  object  to  direct 
their  course,  it  would  be  impossible  to  avoid  losing  their  way,  were 
it  not  for  the  flight  of  certain  birds,   who  are  observed  to  go  and 
return  at  stated  periods.     Travellers  are  also  guided  by  the  course 
of  the  sua  by  day,  and  of  the  stars  by  night ;  and  the  latter  is  ge« 
nerally  the  time  of  travelling  here,  as  well  as  in  the  deserts  of 
Arabia.     All  the  parts  of  these  immense  deserts  are  not  equally 
inhospitable,  some  being  inhabited   by  different  tribes  of  Arabs; 
but  the  province  or  desert  of  Zucnzina  is  peculiarly  dry  and  bar* 
ren,  and  it  has  bees  asserted,  that  of  large  caravans  which  pass 
through  this  country,  seldom  one-half  of  the  aggregate  which  set 
out,  either  of  men  or  beast,  ever  return,  numbers  of  them  dying 
by  thirst,   hunger,  fatigue^   or  perishing  under  the  whirlwinds  of 
sand  which  frequently  overwhelm  them.      Through  the  no  less 
dreary  and  dangerous  desert  of  Lemta,  caravans  pass  from  Con. 
stantia,  and  other  towns  of  Algiers  and  Tunis,   to  Nigritia,  or 
Negroland,  though  equally  in  danger  of  perishing  by  thirst,  hun. 
ger,  and  the  sword.     The  most  extraordinary  journies  are  those 
of  the  akkabaahs,  or  accumulated  caravans,  from  Morocco  to  Tom. 
boctoo,  consisting  often  of  not  less  than  seven  hundred  camels. 
Jlere  the  heat  is  intense,  the  sand  drives  in  surges,  and  the  shumah 
or  burning  wind  carries  death  with  every  blast. 

Western  Coast  of  Africa.  The  countries  on  this  coast  to 
which  Europeans  chiefly  resort  for  the  purposes  of  commerce,  and 
at  which  they  procure  ivory,  gold  dust,  Guinea.pepper,  and  slaves, 
are  extremely  hot  and  unhealthy.  They  lie  southward  of  the 
great  river  Senegal,  in  latitude  16'  N.  and  extend  quite  to  the  line; 
the  most  considerable  of  which  is  Gninea.  Her^  the  periodical 
rains  overflow  the  level  part  of  the  country,  which  add  greatly  to 
its  unwholesomeness.  It  has  frequently  happened  that  European 
ships  have  lost  one.half  of  their  crews  by  fevers,  whilst  lying  in 
this  situation ;  but  by  providing  better  medical  assistance  on  board 
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th«  sbipf ,  and  applying  the  most  effectual  remedies,  the  deTastatioos 
of  this  sultry  and  pestiferous  climate  hare  been  greatly  lessened. 
Tremendous  stormtof  thunder  and  lightning  occur  often  on  the  coast, 
and  it  is  not  uncommon  for  European  seamen,  when  exposed  to  the 
fall  force  of  the  lightning,  to  be  struck  with  instant  blindness  by 
a  flash* 

The  isUod  of  St.  Thome,  or  St.  Thomas,  is  somewhat  of  a 
round  figure,  and  about  one  hundred  and  twenty  miles  in  circunu 
ference  ;  it  u  situated  directly  under  the  equator,  and  is  between 
forty  and  Miy  leagues  to  the  westward  of  the  continent  of  Africa. 
The  lieat  and  moisture  of  the  air  here  render  the  island  extremely 
nnbealtliy  to  Eoropeans,  yet  the  negroes  and  mulattos  who  inhabit 
it  are  said  to  possess  a  good  share  of  health,  and  frequently  liye  t^ 
an  advanced  age. 

Those  countries  which  lie  on  the  north  of  the  line  are  much  more 
intensely  hot,  and,  on  account  of  the  periodical  rains  which  fall, 
much  more  unhealthy,  than  the  countries  on  the  south  of  it  in  the 
same  degree  of  latitude ;  such  as  Loango,  Congo,  and  Angola, 
which  are  somewhat  defended  by  eminences. 

The  small  island  of  Tinian,  situated  in  15*"  8^  N.  latitude,  and 
14((*  (/  W.  longitude,  is  one  of  that  cluster  of  islands  called  bjr 
Magellan,  who  discovered  £hem,  the  Ladronesj  and  since  the 
Marian  Islands:  its  extent  from  east  to  west  is  about  twelve 
miles,  but  from  north  to  south  it  is  little  more  than  six.  This  small 
spot  has  been  celebrated  for  its  extraordinary  beauty  and  fertility, 
and  the  very  seasonable  and  effectual  relief  which  it  afforded  to 
Commodore  Anson^s  people,  on  board  the  Centurion,  when  on  the 
point  of  perishing.  Although  at  present  uninhabited,  the  remains 
of  pyramidical  pillars,  and  other  ruins,  fully  evince  that  it  was  once 
lery  populous.  The  Spaniards  Lad  a  settlement  upon  it  for  a  con. 
siderable  time,  which  had  not  been  long  removed  when  the  Centu- 
rion touched  here. 

Although  the  account  which  is  given  by  the  very  able  writer  of 
Lord  Anson's  voyage^  represents  this  spot  as  possessing  all  the 
charms  of  an  earthly  paradise,  yet  the  island  does  not  seem  to  have 
been  equally  propitious  to  Commodore  Byron  and  his  crew,  who 
touched  at  It  July  31,  1765 ;  for  although  such  as  were  languishing 
with  the  scurvy  were  soon  recovered  when  removed  on  shore,  yet 
many  were  seked  with  fevers,  of  which  two  died  ;  the  rains  were 
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very  Tiolent,  and  almost  perpetual ;  whilst,  to  increase  their  db« 
tress,  the  heat  was  so  intense  that  the  thermometer  on  board  the 
ship  generally  stood  at  86%  which  is  only  twelve  degrees  below  the 
heat  of  the  blood  in  the  human  body.     The  sun  was  then  almost 
Tertical.     The  fishes   which  were  caught  on  the  coast  were  poi* 
senous,  aud  much  disordered  all  who  ate  of  them.     The  excessive 
heat  caused  whatever  provision  they  killed  to  turn  green,  and  to 
swarm  with  maggots  in  less  than  an  hour  after,  and  If  a  method  had 
not  been  devised  of  snaring  the  wild  hogs,  and  so  procuring  them 
alive,  their  subsistence  would  have  been  very  scantily  dealt  out,  but 
by  this  contrivance  they  were  well  stocked  with  fresh  provisions  : 
some  of  these  wild  hogs  weighed  two  hundred  pounds,  and  many 
were  sent  on  board  to  furnish  provisions  in  the  prosecution  of  the 
voyage.     Byron  asserted,  that  he  never  felt  such  heat  either  on  the 
coast  of  Guinea,   in  the  West  Indies,  or  upon  the  island  of  St* 
Thomas.     So  great  a  difference  does  a  month  seem  to  make  in  the 
condition  of  this  island ;  for  the  Centurion  arrived  at  the  end  of 
August,  1743,  and  in  September,   1767,  Captain  Wallis,  In  the 
Dolphin,  put  in  here  for  refreshments,  and  continued  near  a  month, 
during  which  time  he  found  every  necessary  accommodation,   and 
apparently  without  the   inconveniences  of  heat  and  rain.     But 
although  the  difference  of  season  might  materially  affect  the  state 
of  the  weather,  yet  it  cannot  be  supposed  to  occasion  so  very  ma- 
terial an  alteration  ;  there   is,  therefore,  another  cause  to  be  as* 
signed,  and  which  may  be  considered  as  sufficient  to  acquit  either 
narrator  of  exaggeration  in  his  description.     For  if  it  be  consi. 
dered  that  the  Spaniards  had  for  many  years  cultivated  this  spot 
when  the  Centurion  arrived  there,  and  that  it  had  been  totally 
neglected  from  that  time  to  the  arrival  of  Byron  in  the  Dolphin^ 
the  state  of  the  atmosphere  must  necessarily  have  been  very  mucb 
changed  by  the  wild  luxuriance  of  nature  In  the  course  of  so  many 
years. 

Batavia,  the  emporium  of  the  Dutch  in  the  East  Indies,  is  one 
of  the  hottest  and  most  unhealthy  spots  on  the  globe.  The  island  of 
Java,  on  which  this  city  is  situated,  lies  in  latitude  from  5°  5(y  to  8*  S* 
The  unhealthiness  of  the  place  is  increased  by  the  number  of  canals 
which  have  been  cut  for  the  purpose  of  receiving  merchandise,  the 
sides  of  which  are  planted  with  trees^  that^  whilst  the  stagnant  wa. 
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tern  serte  to  raise  the  noxious  Tsponn,  preTent  the  dispersioa  of 
the  Tipoiirs  by  obstnictiog  the  free  circulation  of  air. 

In  drj  weather  a  most  horrible  stench  arises  from  these  canals , 
aod  when  the  rains  hare  so  swelled  them  that  they  oferQow  their 
banks,  Che  gronnd-floors  of  the  houses  in  the  lower  part  of  the 
town  are  filled  with  stinking  water,  which  leaTes  behind  it  dirt  and 
sliaie  in  prodigions  quantities.     The  inhabitants  sometimes  clean 
their  canals,  bnt  this  business  is  performed  in  such  a  manner  as 
scarerij  to  make  them  less  a  nuisance  than  before,  for  the  black 
mud  being  raked  from  the  bottom,  is  left  on  the  sides,  till  hard 
eaouf^  to  be  taken  away  in  boats ;  and  as  there  are  no  houses  ap- 
propriated for  necessary  retirement  in  the  whole  town,  the  filth  is 
thrown  Into  the  canals  regularly  once  a  day,  which  renders  this 
mud  a  still  further  compound  of  erery  thing  offensive  and  putre. 
fiictire.     Farther  to  contaminate  the  air,  the  fence  of  erery  field 
and  garden  is  a  ditch,    and  interspersed  among  the  cultivated 
grounds  are  many  filthy  fens,  bogs,  and  morasses,  as  well  fresh 
as  salt.     At  the  distance  of  about  forty  miles  inland,  there  are  hills 
of  a  considerable  height,  ^^  where,  as  we  were  informed,"  says 
Captain  Cook,  ^^  the  air  is  healthy,  and  comparatively  cool."  The 
same  situation  and  circumstances  which  render  Batavia  and  the 
country  round  it  unwholesome,  render  it  the  best  garden  ground 
in  the  world  ;  the  soil  is  fruitful  beyond  imagination,  and  the  con- 
veniences and  luxuries  of  life  which  it  produces  are  almost  without 
number.     The  insalubrity  of  this  climate  is  in  part  attributed  to 
the  bad  quality  of  the  water,  therefore  those  who  can  afford  it  drink 
nothing  but  Seltzer  water,  which  till  of  late  they  had  from  Holland 
at  a  vast  expense. 

The  city  of  Batairia,  till  it  lately  yielded  to  British  prowess,  was 
generally  supposed  to  be  impregnable :  for  the  roads  by  which 
heavy  artillery  must  be  brought  against  the  town  might,  it  was 
conceived,  be  easily  destroyed,  and,  says  Captain  Cook,  ^Mf  an 
enemj^  be  only  stopped  a  short  time  in  his  approach,  he  is  eiTec. 
tnally  bafiied,  for  the  climate  will  destroy  him  without  the  use  of 
any  implements  of  war.  We  were  informed,''  continues  he, 
'*  that  It  was  a  very  uncommon  thing  for  ^(ty  soldiers  to  be  alive 
at  the  expiration  of  the  first  year,  out  of  an  hundred  brought  from 
Europe,  and  if  one  half  survived,  not  ten  of  those  were  likely  to 
be  fonnd  in  health." 
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The  malignity  of  the  air  in  that  part  of  Asia  is  not  confined  t# 
the  island  of  Jdia,  but  perrades  the  whole  Archipelago  south  9t 
the  equator,  of  which  it  is  a  part.  When  the  ships  were  returning 
home  on  the  third  voyage  undertaken  by  Captain  Cook,  they  so 
sooner  entered  the  straits  of  Banca  than  the  men  began  to  expe* 
rience  the  powerful  cfiects  of  that  pestilential  climate.  Two  of  the 
people  on  board  the  Oisco? ery  fell  dangerously  ill  of  malignant  pu- 
trid feTers,  which,  howevor,  were  prevented  from  spreading  by 
putting  the  patients  apart  from  the  rest,  in  the  most  airy  birthi: 
many  were  attacked  with  teazing  coughs,  others  complained  of 
violent  pains  in  the  head,  and  even  the  most  healthy  felt  a  sensa« 
tion  of  suffocating  beat,  together  with  an  insuperable  languor,  and 
total  loss  of  appetite. 

[Horneman.  Jackson.  Cook. 


CHAP.  XXXVII. 

DEGREES     AND     EFFECTS    OF    SEVERE     COLD     IN     HIGH 
LATTTUDKS,     OR     WHERE     IT    HAS    BEEN    MINUTELY 
ATTENDED  TO. 


SECTION   I. 

Cold  of  the  South  Polar  Regions, 

W  E  have  observed  in  a  preceding  chapter,  that  high  southern 
latitudes  are  visited  with  a  severer  degree  of  cold  than  equal  lati- 
tudes towards  the  north  pole,  and  hate  pointed  out  the  probable 
cause.  Yet,  whatever  the  cause  may  be,  the  difference  Is  very 
great;  thus  Glasgow,  in  Scotland,  is  situated  just  about  the  same 
northern  latitude  as  Cape  Horn  is  In  the  southern,  whilst  the  win. 
ters  in  the  first  are  attended  with  a  less  degree  of  cold  than  many 
summer  days  in  the  latter.  The  island  of  Terra  del  Fuego,  al. 
though  never  visited  by  European  navigators  but  in  the  summer 
months,  is  described  as  among  the  most  dreary  and  desolate  spots 
of  the  habitable  earthy  and  the  few  inhabitauts  upon  it  as  the  most 
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nrisertUe  and  destitute  of  tbe  hanum  race*  The  safferiBgs  whiek 
Sir  Joseph  Banks,  Dr.  Soiander,  and  their  company  endured,  when 
embarked  with  Captain  Cook  on  board  the  Endetrour,  on  this 
coast,  near  Strait  le  Maire,  in  January  1768,  which  is  the  height 
tf  sommer  in  that  hemisphere,  answering  to  Jnly  in  the  northern^ 
proTe  the  changeableness  of  the  weather,  and  severity  of  the 
cold. 

Sir  Joseph  (then  Mr.)  Banks,  and  Dr.  Solander,  were  desirous 
of  aTailiog  themselTOS  of  a  fine  day,  which,  in  that  climate,  is  very 
rare,  even  at  that  time  of  the  year,  to  explore  a  country  which  had 
nerer  been  visited  by  any  botanist.     For  this  purpose,  they  went 
on  shore  early  in  the  morning,  being  twel? e  in  company.     They 
presently  found  great  and  unexpected  impediments  in  their  pro» 
gress,  by  deep  swamps  and  thick  underwood,  so  that  it  was  three 
o'clock  in  the  afternoon  before  they  could  ascend  a  mountain  of 
moderate  height ;  when  suddenly  the  air,  which  had  been  till  then 
serene  and  mild,  became  cold  and  piercing,  and  snow  began  to 
fall ;  notwithstanding  which,  they  proceeded,  in  expectation  of 
reaching  the  rocky  part  of  the  hill,  that  lay  before  them  at  a  small 
distance.  Their  perseverance,  indeed,  was  rewarded  by  their  finding 
a  variety  of  nndescrtbed  plants  ;  but  the  day,  however^  was  now  so 
far  spent  that  it  was  impossible  to  returu  to  the  ship  that  night ; 
while  the  cold  had  by  this  time  become  very  intense,  and  such  large 
quantities  of  snow  had  fallen,   that  the  most  dreary  prospect  pre. 
sented  itself.     Whilst  they  were  proceeding  in  search  of  tbe  nearest 
valley.  Dr.  Solander,   who  was  well  acquainted  with  the  effects  of 
intense  cold,  having  passed  orer  the  mountains  that  divide  Sweden 
and  Norway,  represented  to  Hie  company  the  necessity  they  were 
under  of  continuing  in  motion,  however  they  might  £eel  themselves 
attacked  by  a  lassitude  and  sluggishness  ;  and  assured  them,  that 
whoever  sat  down  would  sleep,  and  whoever  slept  would  wake  no 
more. 

They  had  not  proceeded  far  before  the  effects  apprehended  began 
to  be  felt,  and  he,  who  had  thus  cautioned  others,  was  the  first  to 
declare  himself  unable  to  observe  his  own  precept ;  at  length,  over, 
come  by  a  stupor,  he  threw  himself  on  the  ground^  although  it  was 
covered  with  snow.  A  black  servant  of  Mr.  Banks,  named  Rich, 
mood,  next  yielded  to  this  fatal  propensity.  In  this  distress,  five 
of  the  company  were  sent  forward  to  make  a  fire  at  the  first  con- 
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Tenieot  place  they  eonld  find,  whilst  the  rest  continaed  with  th* 
doctor,  making  use  of  everj  means  to  keep  him  awake.  The  poor 
negro  was  so  OTercome  with  fatigae,  that  being  told  be  must  keep 
in  motion  or  he  would  be  frozen  to  death,  replied  that  he  desired 
only  to  lie  down  and  die.  At  length  all  the  endeaTours  of  the 
company  became  iiiefiectual ;  their  whole  strength  was  not  snffi. 
cient  to  carry  their  two  exhausted  companions,  so  that  they  were 
suffered  to  sit  down,  and  in  a  short  time  they  fell  into  a  profound 
sleep,  in  a  few  minutes  afterwards,  news  was  brought  that  a  fire 
was  kindled  at  the  distance  of  about  a  quarter  of  a  mile.  Dr.  So* 
lander  was  then  waked  with  great  difficulty  ;  but  during  bis  short 
sleep,  his  muscles  were  become  so  contracted,  that  his  shoes  fell  off 
his  feet,  and  he  had  almost  lost  the  use  of  bis  limbs ;  but  all  at. 
tempts  to  wake  the  seryant  were  ineffectual :  two  men,  who  seemed 
to  haye  suffered  the  least  by  the  cold,  were  left  to  look  after  him, 
and  in  a  short  time,  two  others  were  sent  to  their  relief;  one  of  the 
former  rejoined  the  company,  but  the  other  was  quite  insensible  ; 
their  companions,  therefore,  made  them  abed  of  boughs,  and  spread 
the  same  covering  over  them  to  a  considerable  height,  and  in  that 
situation  iefr  them  to  their  fate. 

The  company  passed  the  remainder  of  the  night  in  a  dreadfjil 
situation,  round  the  fire.  They  supposed  themselves  at  a  great 
distance  from  the  ship,  their  way  stretched  through  a  trackless 
wood,  and  they  were  unprovided  with  refreshments,  their  only 
provisions  being  a  vulture,  which  they  had  shot  in  the  course  of 
their  journey.  Nor  did  the  dawn  of  day  remove  their  apprehen* 
sions  ;  for  at  the  approach  of  light  nothing  presented  itself  to  their 
view  but  a  dreary  expanse  of  snow.  It  was  not  till  six  o'clock  in 
the  morning  that  they  could  discover  the  place  of  the  sun  through 
the  clouds,  which  then  began  to  disperse.  With  foreboding  ap. 
prehensions  they  went  in  search  of  poor  Richmond  and  the  other 
man,  whom  they  found  quite  dead  ;  a  dog,  which  belonged  to  one 
of  them,  was,  however,  still  alive  and  standing  close  by  his  master's 
corpse,  which  he  unwillingly  left  to  follow  the  company.  The 
hardy  nature  of  this  animal  enabled  him  to  brave  the  se? erity  of 
the  weather,  and  he  was  for  several  years  afterwards  alive  in 
England. 

About  eight  o'clock  the  snow  began  to  melt,  and  the  company  * 
detevmined  upon  setting  forward.    Their  hunger  by  this  time  be* 
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ctme  ontngeoiis ;  having,  therefore,  skinned  their  Tultare,  thej 
dirided  it  into  ten  parts,  eTery  man  dressing  his  own  sliare  for 
himself.  This  scanty  meal,  which  only  furnished  each  person  with 
afew  monthfuls,  being  finished,  they  quitted  the  fire.side  about  ten 
o'clock,  and,  no  leas  unexpectedly  than  joyfully,  reached  the  beach 
where  the  ship  lay  in  abont  three  hours ;  for  upon  tracing  their 
adfancet  toward  the  hill  the  day  before,  they  found,  that,  instead 
of  ascending  in  a  direct  line,  they  had  almost  gone  round  it«  How 
much  is  the  world  indebted  to  men  of  science,  who  will  braTe  all 
the  daagers  of  the  most  inhospitable  climes  to  enlarge  the  stores  of 
homan  knowledge ! 

The  next  Toyage  which  Captain  Cook  conducted  was  that  in 
which  he  a  second  time  circumnaTigated  the  globe.  The  principal 
object  of  it  was  to  explore  the  high  southern  latitudes,  and  to  as* 
certain  with  precision  how  far  it  was  possible  to  penetrate  toward  the 
south  pole.  For  this  purpose  two  ships  were  fitted  out,  the  Resolu- 
tion and  Adventure ;  of  the  latter.  Captain  Furneaux  had  the  com* 
aand.  In  perusing  the  account  of  this  most  important  enterprize, 
cariosity  and  astonishment  are  ever  on  the  wing  whilst  following  the 
daring  course  of  British  mariners  o?er  a  watery  expanse  which  no 
keel  had  erer  cut  before,  and  which  may  perhaps  never  again  be 
traversed  tkrough  all  the  periods  of  recording  time.  The  learned 
reader  may  therefore  feel  himself  inclined  to  exclaim  with  Horace— 

111!  robur,  et  aes  triplex 

Circa  pectus  erat,  qui  fragilem  truci 
Commisit  pela^o  ratem 

Primus,  &c» 

Or  oak,  or  brass  wilh  triple  fold 
Must  have  mortars  darinf^  breast  enrolPd, 

Who  first  to  Ocean's  barbarous  rage 
Lannch'd  the  frail  bark.  Francii. 

Roggewein,  a  Dutch  narigator  of  considerable  note,  had  sailed 
so  far  to  the  southward  as  to  approach  very  near  to  the  Antarctic 
circle,  but  Captain  Cook  proceeded  beyond  it,  and  penetrated  near 
fire  degrees  farther  toward  the  south  pole.  Indeed,  during  the 
voyage  he  three  times  passed  th»'  Antarctic:  the  first  time  was  in 
the  year  i773,  in  longitude  39''  35'  R.  when  he  proceeded  to  67® 
36' S.  the  second  and  third  times  were  in  the  year  1773  and  1774) 
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he  then  crossed  k  in  147^  46^  west  longitude  (December  20th)  and 
proceeded  to  about  132^  and  afterwards  in  109^  31'  W.  (Januarf 

26th,  1774.) 

In  this  third  attempt  to  proceed  southward,  on  the  2dth  of  Ja. 
nnarjr,  the  mildest  sunshine  was  enjoyed  that  had  perhaps  ever  been 
experienced  in  the  frigid  zone,  which  led  Captain  Cook  to  enter, 
tain  hopes  of  penetrating  as  far  toward  the  south  pole  as  other  na- 
vigators had  done  towards  the  north  pole ;  but  the  next  day,  about 
four  in  the  morning,  his  officers  discovered  a  solid  ice-field  of  im« 
mense  extent  before  them,  which  bore  from  east  to  west.     A  bed 
of  fragments  floated  all  round  this  field,  which  seemed  to  be  raised 
several  feet  high  above  the  level  of  the  water.     Whilst  in  this  situ- 
ation, the  southern  part  of  the  horizon  was  illuminated  by  the  rayi 
of  light  reflected  from  the  ice,  to  a  considerable  height.     Ninety- 
seven  ice  islands  were  distinctly  seen  within  the  field,  beside  those 
on  the  outside  ;  manjvof  them  very  large,  and  looking  like  a  ridge 
of  mountains,  rising  one  above  another  till  they  were  lost  in  the 
clouds.     The  outer,  or  northern  edge,  of  this  immense  field,  was 
composed  of  loose  or  broken  ice  close  packed  together,  so  that  it 
was  not  possible  for  any  thing  to  enter  it.     Such  mountains  of  ioa 
as  these,  Captain  Cook  believed  were  never  seen  in  the  Greenland 
5eas,  so  that  no  comparison  can  be  drawn  between  the  ice  here  and 
there ;  and  it  was  the  opinion  of  most  on  board,  that  tliis  ice  ex* 
tended  quite  to  the  pole,  to  which  they  were  then  within  less  than 
nineteen  degrees  ;  or  perhaps  joined  to  some  land  to  which  it  had 
been  fixed  from  the  earliest  time ;  and  that  it  is  to  the  south  of  this 
paralld  that  all  the  ice  is  formed,  which  is  found  scattered  up  and 
down  to  the  northward,  and  afterward  broken  off  by  gales  of  n  ind, 
or  other  causes,  and  brought  forward  by  the  currents  which  were 
always  found  to  set  in  that  direction  in  high  latitudes.     Some  pen- 
guins were  heard  even  here,  but  none  seen,  and  few  other  birds,  or 
any  thing  that  could  lead  to  a  supposition  that  there  was  any  land 
near:  however,  Captain  Cook  conceived  that  there  must  be  land  to 
the  south  behind  this  ice,     "  But  if  there  is,"  says  he,,  **  it  can 
afibrd  no  better  retreat  for  birds,  Or  any  other  animals,  than  the  ice 
itself,  with  which  it  must  bo  wholly  covered  :  I,  who  was  ambi- 
tious, not  only  of  going  farther  than  any  one  had  been  before,  but 
as  far  as  it  was  possible  for  man  to  go,  was  not  sorry  at  meeting 
with  this  interruption ;  as  it  in  some  measure  relieved  uS)  at  least 
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!bort«ned  the  dangvre  and  hardships  inseparable  from  (he  ttivTgatiaii 
of  the  soufbrni  polar  r«giuii9.  Since  (hcrcfDr-  we  coultl  not  pro. 
cced  further  lo  llic  south,  no  olhir  reason  need  be  atsigned  for  my 
tacking  and  standing  back  lo  Ihe  nurlh,  being  at  this  time  hi  Iht: 
Utiludo  of  71"  10'  south,  lon:;iluJf  lUCP  51'  weal  ;"  whiili  waa 
the  neamt  ■pprozlmatioti  to  the  pole  daring  (he  whole  rajrife. 

After  karing  tbiu  tatty  explored  thoaa  a4)pft]jiig  rcgiffai  ht  bade 
IB  etern^  fvawell  to  the  fonthern  frigid  ume,  croniog  the 
Antarctic  at  I0t°  weit  longitude. 

Oa  ChriitBiu  day  1773,  the  Midaummer  in  those  parti,  thfjr 
wen  ID  about  bS'  aouth,  and  Captain  Cook  made  this  reourk  I« 
hiajonnal.  *'  Altbongh  this  was  the  middle  of  sumiDar  with  as, 
X  much  qnestioa  if  the  day  was  colder  in  any  part  of  England. 
During  their  whole  sammer  continuance  in  those  latitudes,  they 
bad  ao  thaw,  for  the  mercury  in  Fahrenheit's  thermometer  kept 
generally  below  the  freeiing  point. 

Wbilst  in  the  frigid  Bone,  they  had  scarcely  any  night,  so  that 
within  a  few  minutes  of  midnight,  the  tight  of  the  sun  was  aafficteiit 
In  write  or  read  by.  The  sun's  stay  below  the  horiton  was  sa 
abort  that  a  clear  twilight  continned  all  the  time  of  Us  disappear, 
ing. 

Id  the  first  attempt  to  penetrate  southward,  Captain  Cook  waa 
one  hnndred  and  seTenteen  days  without  a  sight  of  land,  and  in 
hii  second,  he  was  one  hundred  and  four  in  the  same  aitoalion, 

Beating  forjD}l«umoTilht  the  gloomj  wbtc) 

and  doomed  all  that  time  to  explore 

ThriltinK  region*  of  (hirk-ribbed  ice. 

An*]  blown  with  restless  violence  round  aboal 

Thvpendaoi  world. 

It  might  have  been  supposed,  that  the  hardships  and  dapgtrs 
which  had  been  endured,  together  with  the  important  geographical 
knowledge  which  had  been  acquired,  noutd  have  induced  (his 
great  naTigator,  now  that  he  had  quitted  the  Suulh  Sea,  lo  rest 
from  his  labours,  and  to  seek  his  native  country  by  the  most  direct 
rout.  But,  like  Cnsar,  thinking  nothing  done  whilst  any  thing 
remained  undone,  he  was  still  intent  on  farther  researches,  and 
resolved  to  traverse  (he  Atlantic  Ocean,  between  the  50th  and 
60th  degrees  of  latitude,  from  the  meridian  of  Cape  Horn  to  that 
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of  the  Cape  of  Good  Hope,  in  which  he  spent  upward  of  three 
months.  That  the  officers  and  men  quietly  acquiesced  in  this  far. 
ther  extension  of  their  toils  and  perils,  deprired  of  the  two  essen- 
tials  to  the  enjoyment  of  life,  nourishing  food  and  human  inter- 
course ;  that  amidst  the  chaotic  scenes  which  yet  detained  them,  a 
general  spirit  of  discontent,  and  a  strong  propensity  to  mutiny, 
did  not  prevail,  prove  their  great  leader  to  have  possessed  that 
elevation  of  mind  and  insinuating  manner,  which  effectually  con. 
trouled  the  most  boisterous  spirits,  and  make  the  heaviest  and  the 
longest  sufferings  supportable,  merely  by  having  such  a  man  to 
partake  in  them,  and  cheerfully  to  undergo  them. 

In  the  cruise  uf  1775,  a  large  island  was  discovered  which  our 
oavigator  named  Southern  Georgia.  It  lies  between  53^  57' and 
54°  iiT  south  latitude,  38^  13'  and  35^34'  west  longitude,  and  is 
described  as  a  country  the  most  savage  and  horrible ;  not  a  tree 
nor  even  a  shrub  was  to  be  seen;  the  while  rocks  raised  their 
lofty  summits  till  they  were  lost  in  the  clouds,  and  valleys  lay 
covered  with  snow.  Seals  and  sea  bears  were  numerous,  and  a 
sea  lion  was  shot.  The  seals  and  penguins  killed  here  were  yery 
acceptable  food  to  the  whole  crew  ;  for  any  kind  of  fresh  meat 
was  eagerly  coveted.  **  For  my  own  part,'*  says  Captain  Cook^ 
*^  I  was  now,  for  the  first  time,  heartily  tired  of  salt  meat  of  every 
kind  ;  and  though  the  flesh  of  the  penguins  could  scarcely  vie  with 
bullock*s  liver,  it  being  fresh  was  sufficient  to  make  it  go  down." 
Even  the  climate  of  Tiera  del  Fuego,  though  lying  more  to  the 
southward,  is  mild^  with  respect  to  that  of  Georgia  ;  the  differ* 
etice  in  the  thermometer  being  observed  to  be  at  least  10  degrees. 
Beside  being  uninhabitable,  South  Georgia  does  not  appear  to 
contain  a  single  article  for  which  it  might  be  visited  occasionally 
by  European  ships.  Not  a  river  or  stream  of  fresh  water  was 
seen  on  the  whole  coast. 

Captain  Cook  left  the  southern  part  of  this  island  on  the  26th 
of  January,  and  steered  east.iouth-east  until  he  arrived  in  60**  lat. 
further  than  which  he  did  not  intend  to  go,  inless  he  observed 
some  certain  signs  of  meeting  with  land.  These  high  southern  la- 
titudes, where  nothing  was  to  be  found  but  ice  and  thick  fogs,  had 
at  length  tired  even  this  persevering  chieftain  himself.  Many  on 
board  were  at  this  time  afflicted  with  severe  rheumatic  pains  and 
poldg,  and  some  were  suddenly  taken  with  fainting  fits,  since  their 
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unwholesome  JQiceless  food  could  not  supply  the  waste  of  animal 
spirits.  As  the  ship  was  now  proceeding  northward,  the  hope  of 
soon  reaching  a  milder  climate  diffused  a  general  satisfaction  ;  bat 
another  frozen  countr)  rose'  to  their  Tiew,  and  threatened  to  re» 
tArd  Che  accomplishment  of  their  wishes.  The  discofery  of  thb 
land  was  made  on  the  3 1st  of  January,  at  sefen  in  the  morning. 
Captain  Cook  gare  the  name  of  Sandwich.Land  to  this  discovery, 
which  may  possibly  be  the  northern  point  of  a  continent ;  for  he  is 
of  opinion  that  there  is  a  track  of  land  near  the  pole,  which  is  the 
source  of  most  of  the  ice  that  is  spread  over  this  fast  Southern 
Ocean.  lie  likewise  thinks  it  extends  farthest  to  the  north  oppo. 
site  the  southern  Atlantic  and  Indian  Oceans,  because  ice  was 
always  found  more  toward  the  north  in  those  seas  than  any  where 
else  ;  which  he  imagines  could  not  be,  if  there  was  not  land  of 
considerable  extent  to  the  south  ;  but  the  risque  that  is  run  in  ex- 
ploring a  coast  in  these  unknown  and  icy  seas  is  so  very  great, 
that  he  concludes,  on  the  best  grounds,  th.it  no  man  will  ever 
venture  farther  than  he  has  done  ;  and  that  the  lands  which  may 
lie  to  the  south  will  never  be  explored.  Thick  fogs,'snuws, 
storms,  intense  cold,  and  every  other  thing  that  can  render  navi- 
gation dangerous,  must  be  encountered,  and  these  difficulties  are 
greatly  heightened  by  the  inexpressibly  horrid  aspect  of  the  country ; 
a  country  doomed  by  nature  never  once  to  feel  the  warmth  of  the 
sun's  rays,  but  to  lie  buried  in  everlasting  snow  and  ice.  The  ports 
which  may  be  on  the  coast  are  in  a  manner  wholly  filled  up  with 
frozen  snow  of  vast  thickness  ;  and  if  any  be  so  far  open  as  to 
invite  a  ship  in  it,  she  would  run  a  risque  of  being  fixed  there  for 
ever,  or  of  coming  out  in  an  ice.island.  The  islands  and  floats  on 
the  coast,  the  great  falls  from  the  ice.cliffs  in  the  port,  or  a 
heary  snow-storm,  attended  with  a  sharp  frost,  would  be  equally 
fatal.  The  most  southern  extremity  that  was  seen  was  called 
Sc'uthern  Thule,  and  lies  in  latitude  59''  3C/  south,  longitude 
27^  SC  west.  The  whole  country  had  the  most  desolate  and  hor- 
rid appearance  imaginable  ;  not  a  single  blade  of  grass  could  be 
discerned  upon  it,  and  it  seemed  to  be  forsaken  even  by  the  am- 
phibious and  lumpish  animals  which  dwell  on  South  Georgia.  It 
remains  very  doubtful  whether  the  different  projecting  points  form 
one  connected  land,  or  several  distinct  islands  ;  and  this  may 
probably  continue  undetermined  for  ages,  since  an  expedition  to 
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those  inbospitable  parts  of  the  world,  beside  being  extremely  pe. 
Tilous,  does  not  seem  likely  to  be  productive  of  great  advantages 
to  mankind.  Prudence  would  not  permit  the  commander  to  ven. 
tore  near  a  coast  subject  to  thick  fogs,  where  there  was  no  an. 
chorag«,  and  every  part  was  blocked  and  filled  up  with  ice»  and 
the  whole  country,  from  the  summits  of  the  mountains  down  to 
the  very  brink  of  the  cliffi  which  terminate  the  coast,  was  covered 
two  fathom  thick  with  everlasting  snow. 

ThronM  in  his  palace  of  cerulean  ice. 

Here  Winter  holds  his  unrejoicing  court ; 

And  thro'  his  airy  hall  the  loud  misrale 

Of  drivinj^  tempest  is  for  ever  heard : 

Here  the  grim  tyrant  meditates  his  wrath ; 

Here  arms  his  winds  with  all-subduing  frost  : 

Moulds  his  fierce  hail,  and  treasures  up  his  snows. 

^<  It  would  have  been  rashness  in  me,"  sajs  Captain  Cook, 
'^  to  have  risked  all  that  had  been  done  during  the  voyage  in  dis- 
covering  and  exploring  a  coast»  which,  when  discovered  and  ex- 
plored, would  have  answered  no  end  whatever,  or  have  been  of 
the  least  use  to  navigation  or  geography,  or  indeed  to  any  other 
science." 

It  had  long  been  a  prevailing  opinion  among  the  learned  that  a 
large  continent  existed  in  the  Southern  hemisphere,  of  which 
New  Holland,  a  country  which  had  been  visited  and  named  by 
Tasman,  a  Dutch  navigator,  was  supposed  to  be  a  part.  This 
imaginary  continent  was  generally  styled  Terra  Australia  incog, 
nita^  but  such  an  idea  is  now  entirely  refuted,  for  the  panegyrist 
of  Captain  Cook  justly  remarks,  that  '^  this  voyage  will  immor. 
talize  the  conductor  of  it;  in  it  vast  tracts  of  new  coast  Here  not 
only  discovered  but  surveyed,  the  illusion  of  a  Terra  Australia 
incognita  was  dispelled,  whilst  the  bounds  of  the  habitable  earth  as 
well  as  those  of  the  navigable  ocean  in  the  southern  hemisphere 
were  fixed." 

[^Hazcketworthf  Forster^  Pringle, 
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SECTION  II. 

Ice  Islandsy  and  sufferings  of  Lieutenant  Riou  and  his  Crew^ 
in  the  Guardian  Frigate^  by  striking  against  an  Island  of 
this  kind. 

Among  the  many  interesting  discoveries  which  this  voyage  re- 
vealed to  the  world)  the  vast  islands  of  floating  ice  which  abound 
in  the  southern  latitudes  may  be  considered  as  peculiarly  worthy 
of  notice.  The  first  of  these  was  met  with  on  the  10th  of  Decem- 
ber, 1773,  in  latitude  50°  4(/  south.  It  was^about  fifty  feet  high, 
aod  half  a  mile  in  circuit,  flat  at  top,  while  its  sides  rose  in  a 
perpendicular  direction,  against  which  the  sea  broke  exceed, 
ingly  high. 

In  the  afternoon  of  the  same  day,  they  sailed  near  another 
large  cubical  mass,  which  was  about  2000  feet  long,  400  feet 
broad,  and  at  least  as  high  again  as  the  main  top  gallant-mast  head, 
or  200  feet.     According  to  the  experiments  of  Boyle,  and  Mairan, 
the  volume  of  ice  is  to  that  of  sea. water  nearly  as  10  to  9  ^  conse. 
quently,  by  the  known  rules  of  hydrostatics,  the  volume  of  ice 
which  rises  above  the  surface  of  the  water,  is  to  that  which  sinks 
below  it  as  I  to  9.      Supposing  therefore  this  piece  to  be  entirely 
of  a  regular  figure,  its  depth  under  water  must  have  been  1800 
feet,  and  its  whole  height  2000  feet :    allowing  its  length  as  above 
jnentioned  2000  feet,  and  its  breadth  400  feet,  the  whole  mass  must 
have  contained  1 GOO  millions  cubic  feet  of  ice.    Such  is  the  account 
given  by  Mr.  Foster.    Mr.  Wales,  astronomer  on  board  the  Resolu. 
tlon,  who  published  ^^  Remarks  on  Mr.  Forster's  account  of  this 
voyage,"  doubts  the  principles  on  which  the  calculation  is  found- 
ed, as  the  experiments  above  referred  to  were  made  with  real, 
solid  and  compact  ice,  whereas  the  ice  which  composed  this  mass 
was  light  and  porous,  being  chiefly  snow  and  salt  water*frozen  to. 
gether,  and  bears  not  perhaps  a  greater  proportion  to  the  weight 
of  salt.water  than  that  of  5  to  6,  or  6  to  7  at  the  utmost."     On 
the  12th,  six  more  islands  were  seen^  some  of  them  nearly  two 
miles  in  circuit,  and  60  feet  high  ;  and  yet  such  was  the  force  and 
height  of  the  waves,  that  the  sea  broke  quite  over  them.  This  exhi- 
bited for  a  few  moments  a  view  very  pleasing  to  the  eye,  but  a  sense 
of  danger  soon  filled  the  mind  with  horror  ;  for  had  tha  ship  got 
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against  the  weather  side  of  one  of  these  islands,  when  the  sea  ran 
high,  she  must  hare  been  dashed  to  pieces  in  a  moment.  On  the 
14th,  th«  ir  rout  to  the  southward  was  stopped  by  an  immense  field 
of  low  ice,  54  deg.  50  min.  south,  21  deg.  34  min.  east.  No  end 
could  be  seen  to  this  ice«  either  to  the  east,  west,  or  south.  In 
different  parts  of  the  field  were  islands,  or  hills  of  ice,  like  those 
that  had  been  before  found  floating  in  the  sea ;  several  on  board 
thought  thrj  saw  land  over  the  ice^  but  they  were  only  fog-banks, 
which  bore  that  appearance. 

The  ships  then  changed  their  course  to  the  eastward  ;  large 
islands  of  ice  were  hourly  beheld  in  all  directions  round  the  sloops, 
so  that  they  were  become  as  familiar  to  those  on  board  as  the 
clouds  and  the  sea.  Whenever  a  strong  reflection  of  white  was 
seen  on  the  skirts  of  the  sky  near  the  horizon,  then  ice  was  sure 
to  be  met  with :  notwithstanding  which,  the  Ice  itself  is  not  entirely 
white,  but  often  tinged,  especially  near  the  surface  of  the  sea, 
with  a  most  beautiful  sapphirine,  or  rather  berylline  blue,  evi. 
dently  reflected  from  the  water.  This  blue  colour  sometimes  ap- 
peared 90  or  30  feet  above  the  surface,  and  was  probably  produced 
by  some  particles  of  sea^water  which  had  bfcn  dashed  against  the 
mass  in  tempestuous  weather,  and  had  penetrated  into  its  inter* 
stices.  In  great  islands  of  ice  were  frequently  observed  shades 
or  casts  of  white,  lying  above  each  other  in  strata,  sometimes  of 
six  inches,  and  at  other  times  of  a  foot  high.  This  appearance 
seems  to  confirm  the  opinion  concerning  the  increase  and  accumu* 
lation  of  such  huge  masses,  by  heavy  falls  of  snow  at  different 
intervals:  for  snow  being  of  various  kinds,  small-grained,  large* 
grained^  in  light  feathery  locks,  8cc,  the  various  degrees  of  its 
compactness  account  for  the  difierent  colours  of  the  strata. 

Islands  of  ice  still  surrounded  them,  and  in  the  evening  the  sun 
setting  just  behind  one  of  them,  tinged  its  edges  with  gold,  and 
brought  upon  the  whole  mass  a  beautiful  suflfusion  of  purple. 
January  9,  1773,  three  boats  were  hoisted  out,  and  in  about 
five  or  six  hours  took  up  as  much  ice  as  yielded  fifteen  tons  of 
jgood  fresh-water.  The  salt-water  which  adhered  to  the  ice  was  so 
trifling  as  not  to  be  tasted,  and  aftt-r  it  had  Iain  on  deck  a  short 
time,  entirely  drained  off;  and  the  water  which  the  ice  yielded 
was  perfectly  sweet  and  well  tasted.  Part  of  this  ice  was  broken 
in  pieces^  and  put  into  casks ;  another  part  was  melted  in  the 
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copper,  and  filled  up  tbe  casks  with  water ;  and  some  was  kept 
on  deck  for  present  use.  This  water  had  a  purer  taste  tha'i  anj 
which  was  on  board ;  the  only  fault  it  possessed,  accordiug  to 
Mr.  Forster,  was  that  the  fixed  air  was  expelled  from  it,  by  which 
means  almost  eTery  one  who  used  it  was  afflicted  ^ith  swellings  in 
the  glands  of  the  throat.  Mr.  Wales  the  astronomer,  in  his  re- 
marks on  Mr.  Forster's  work,  doubts  whether  water  procured 
from  ice  causes  such  soreness  and  swellings  ;  and  asserts  that  dis- 
orders  of  these  kinds  were  by  no  means  general  on  board  the 
Resolution.  Certain  it  is,  that  the  fixed  air  might  easily  havff  been 
incorporated  into  this  fluid,  only  by  pouring  it  from  one  vessel 
into  another,  backward  and  forward,  for  a  short  time.  Here  was 
a  discovery  made  important  to  science  ;  that  nature  forms  great 
masses  of  ice  in  the  midst  of  tbe  wide  ocean,  which  are  destitute 
of  any  saline  particles,  but  have  all  the  useful  and  salubrious  qua- 
lities of  tbe  pure  element.  ^'  Crantz,  in  his  Ilistory  of  Greenland, 
relates,  that  the  stupendous  masses  of  ice  found  in  the  northern 
seas,  called  ice.islands  or  mountains,  melted  into  fresh  water; 
though  he  did  not  imagine  that  they  originated  from  the  sea,  but 
that  they  were  first  formed  in  the  great  rirers  of  the  north,  and 
being  carried  down  into  the  ocean,  were  afterwards  increased  to 
that  amazing  height  by  the  snow  that  fell  upon  th*em  ;  but  that  all 
frozen  sea.water  would  thaw  into  fresh,  had  either  lUfver  been 
asserted,  or  had  met  with  little  credit  ;  neither  did  Captain  Cook 
eipect  such  a  transmutation." 

January  31,  they  passed  near  two  islands  of  ice  50^  50'  S.  56^ 
48^  E«  one  of  which  appeared  to  be  breaking  or  falling  to  pieces, 
by  its  crackling  noise,  which,  according  to  Captain  Cook,  was 
eqoal  to  the  report  of  a  four-pounder. 

The  second  time  Captain  Cook  crossed  the  antarctic  circle,  in 
longitude  14/^  46^  W.  ice-islands  also  were  seen  very  high  and 
rugged,  forming  at  their  tops  many  peaks  ;  while  those  which  had 
been  seen  before,  were  flat  and  not  so  high.  Many  of  the  latter 
moreover,  were  two  and  three  hundred  feet  in  height,  and  be. 
tween  two  and  three  miles  in  circuit,  with  perpendicular  cliffs  or 
sides  astonishing  to  behold. 

The  following  passages  which  occur  in  Mr.Forster's  account  of 
this  voyage  are  too  interesting  to  be  omitted  here.  On  Christmas. 
day  the  captain  invited  the  officers  and  mates  to  dinner ;  and  ono 
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of  (he  lieutenants  entertained  the  petty  officers.  ^^  The  sailors 
feasted  on  a  double  portion  of  pudding,  regaling  themselres  with 
the  brandj  of  their  allowance,  \vhich  they  had  sared  for  this  occa- 
sion some  months  beforehand,  having  a  premeditated  solicitude  te 
get  drunk  on  that  day.  The  sight  of  an  immense  number  of  ice. 
islands  could  not  deter  the  sailors  from  indulging  in  their  faroarite 
amusement ;  as  long  as  they  had  brandy  left,  they  would  persist 
to  keep  Christmas,  though  the  elements  had  conspired  together  for 
their  destruction.  Their  long  acquaintance  with  a  seafaring  life, 
bad  inured  them  to  all  kinds  of  perils ;  and  their  heavy  labour,  with 
the  inclemencies  of  the  weather,  and  other  hardships,  making  their 
muscles  rigid  and  their  nerves  obtuse,  had  communicated  inseosibilitj 
to  their  minds.  Jan.  20,  being  in  lat.  62^  34^  longitude  1  \6^  W 
west,  they  were  becalmed ;  when  two  ice.islaods  came  in  sight,  one 
of  which  appeared  to  be  as  large  as  any  that  had  been  seen  ;  it  was 
•apposed  \o  be  full  two  hundred  feet  in  height,  and  terminated  in  a 
peak  not  unlike  the  cupola  of  St.  Paul's  church.  January  26tb| 
the  wind  increased  very  much,  and  in  a  short  time  blew  a  tern- 
pestuous  gale.  At  nine  o'clock  at  night  a  huge  mountainous  ware 
Struck  the  ship  on  the  beam,  and  filled  the  deck  with  a  deluge  of 
water;  it  poured  into  the  cabin,  and  extinguished  the  lights,  leav- 
ing the  gentlemen  who  were  sitting  there  for  a  moment  in  doubt, 
whether  they  were  not  entirely  overwhelmed,  and  sinking  into  the 
abyss.  Indeed,  the  situation  of  those  on  board  was  at  this  time 
Tery  dismal.  The  ocean  about  them  wore  a  furious  aspect,  seem* 
(ng,  as  it  were,  to  be  incensed  at  the  presumption  of  a  few  io. 
truding  mortals.  "  A  gloomy  melancholy,"  says  Mr.  Forster, 
'^  loured  on  the  brows  of  our  shipmates,  and  a  dreary  silence 
reigned  among  us.  Salt  meat,  our  constant  diet,  was  become 
loathsome  to  us  all,  even  to  those  that  had  been  bred  to  a  nautical 
life  from  their  earliest  years.  The  hour  of  dinner  was'hateful  to 
US  ;  for  the  well-known  smell  of  the  victuals  had  no  sooner 
reached  us,  than  we  found  it  impossible  to  partake  of  them  with  a 
hearty  appetite."  Thus  were  these  southern  cruisers  beset  with 
hardships  peculiarly  severe.  The  ice,  the  fog,  the  storms,  and 
rufiSed  surface  of  the  sea,  composed  a  soul-sinking  scene,  which 
was  seldom  cheered  by  the  reviving  beams  of  the  sun.  **  In 
riiort,"  says  Mr.  Forster,  *^  we  rather  vegetated  than  lived;  we 
withered^  and  became  indifferent  to  all  that  animates  the  soul  at 
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other  times ;  we  sacrificed  oor  health,  our  feelings,  our  enjoy. 
ments,  to  the  honour  of  pursuing  a  track  unattempted  before." 

Wbilit  upon  this  subject  we  ought  not  to  pass  ofer  the  sufferings 
of  lieatenant  Riou  and  his  crew,  in  the  Guardian  frigate,  about 
die  latitude  of  45^  south,  and  their  almost  miraculous  escape  from 
shipwreck  when  carried  against  a  vast  ice-island,  in  foggjr  weather, 
proTiog  more  especially  how  peculiarly  fortunate  Captain  Cook 
was  throngh  the  whole  course  of  his  dangerous  narigation. 

Lieutenant  Riou  was  proceeding  to  the  new  settlement  at  Bo* 
tany  Bay  with  stores  and  provisions,  haying  some  convicts  on 
board.  The  force  with  which  the  ship  struck  against  a  moun. 
tainoos  ice^island  on  Christmas  day  1780,  then  in  a  latitude  much 
more  to  the  northward  than  those  floating  islands  are  generally 
met  with,  had  rendered  her  so  leaky,  that  all  the  exertions  of  the 
officers  and  crew  were  ineffectual  to  stop  its  increase.  When  the 
ship  was  thought  to  be  on  the  point  of  sinking,  provisions  and  ne« 
cessaries  were  providing  for  the  boats,  the  officers  and  men  in 
general  being  desirous  of  quitting  the  ship,  and  endeavouring,  by 
means  of  the  boats,  to  reach  the  nearest  shore,  which  was  more 
than  four  hundred  leagues  distant.  Lieutenant  Riou,  however, 
declared  his  fixed  determination  to  remain  on  board  the  ship  and 
perish  with  her.  Whilst  the  horrors  of  death  were  thus  before  his 
eyes,  he  remained  as  calm  and  collected  as  when  in  a  state  of  per* 
feet  security;  he  wrote  a  letter  to  the  secretary  of  the  admiralty, 
wherein  he  spoke  highly  of  the  good  conduct  both  of  the  officers 
and  men  on  board,  recommended  to  the  protection  of  the  lords  of 
the  admiralty  his  sister  and  mother,  as  there  seemr>d  to  be  no 
possibility  of  his  remaining  many  hours  alive.  When  he  had 
finished  this  letter  and  delivered  it  to  one  of  his  officers,  he  ordered 
the  boats  to  be  hoisted  out,  and  with  the  most  anxious  assiduity 
superintended  their  fitting  out.  On  board  the  launch  were  fiftceii 
persons,  who,  nine  days  after  quitting  the  ship,  when  on  thf^  ooint 
of  perishing  through  hunger,  thirst,  and  fatigue,  were  taktn  up 
by  a  French  merchant  ship  from  the  Mauritius  bound  to  tht-  Cape 
of  Good  Hope.  Lieutenant  Riou,  and  that  part  of  the  crew  which 
remained  with  him  on  board  the  ship,  thus  abandoned  to  their 
htey  did  not  surrender  themselves  to  hopeless  despair  ;  and  (iir'ir 
exertions  to  reduce  the  quantity  of  water  in  the  ship  were  so  jiidi- 
cionsly  directed^  that  they  at  length  proved  successful,  the  ship 
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was  kppt  afloat,  and  although  in  continual  danger  of  sinking,  was 
brought  into  Table  Bay  on-  the  21st  of  February  1790. 

\^CraniZy  Fonter^  Pringlc. 

SECTION  III. 

Cold  of  the  North  Polar  Regionty  as  ascertained  by  Lord 

Mulgrave, 

Soon  after  the  Portuguese  had  discorered  the  route  ta  the  East 
Indies  by  doubling  the  Cape  of  Good  Hope,  an  idea  was  formed 
of  reaching  that  country,  the  productions  of  which  were  so  mach 
the  object  of  Kuropf  an  avidity,  by  a  north  east-passage.  In  the 
year  1 5^7,  Robert  Thome,  a  merchant  of  Bristol,  addressed  a 
paper  to  Henry  VIII.  on  that  subject,  but  his  proposal  was  not 
attended  to.  In  the  reign  of  Queen  Elizabeth,  Sir  Hugh  WiU 
loughby  made  the  attempt  with  three  ships  in  1553.  He  pro« 
ceeded  to  the  latitude  of  7^*  north,  but  being  obliged  to  winter  in 
Lapland,  he  and  all  his  company  perished  miserably.  Three 
years  afterward  Captain  Burroughs,  afterward  comptroller  of  the 
nayy  to  Queen  Elizabeth,  sailed  on  the  same  design,  and  ad* 
Tanced  to  78^.  To  him  succeeded  Captains  Jackman  and  Pell,,  in 
1580,  in  two  ships  ;  the  latter  of  whom,  with  his  ship,  was  never 
heard  of.  The  Dutch  began  to  pursue  the  same  object  in  1595, 
and  successive  voyages  were  made,  all  which  tended  rather  to 
prove  the  impracticability  of  the  scheme,  than  to  bring  forward 
any  important  discovery.  In  1607)  Henry  Hudson  was  equipped 
by  a  company  of  Loudon  merchants,  to  discover  a  passage  by  the 
North  Pole  to  Japan  and  China.  Ho  penetrated  ta  80*  2S\  and 
was  then  stopped  by  the  ice.  Two  years  after,  another  ship  was 
sent  out  by  the  Muscovy  company  of  merchants  of  London,  in 
which  Jonas  Poole  went  master.  He  made  the  southern  part  of 
Spitsbergen  on  the  l6th  of  May  160g ;  but,  with  his  utmost 
endeavours,  he  could  not  advance  farther  than  79^  ^^*  In  the 
year  1614,  another  voyage  was  undertaken,  in  which  Baffin  and 
Fotherby  were  employed,  but  without  any  success  ;  and  in  the 
next  year  Fotherby,  in  a  pinnace  of  twenty  tons,  with  ten  men  ; 
but  in  this  voyage  the  ice  prevented  his  getting  further  than  in  the 
last.  John  Wood,  with  a  frigate  and  a  pink,  sailed  in  1676,  but 
Tttnmed  without  effecting  any  thing.    Most  of  these  voyages  bar- 
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log  been  fitted  oat  by  private  adfenturers^  for  the  double  purpose 
ofdiscorery  and  present  advantage,  it  was  easy  to  Ruppo*>e  that 
the  attention  of  the  navigators  had  b(H*n  diverted  from  pursuing 
the  moce  remote  object  of  those  who  employed  them,  with  all  the 
eamettness  that  could  have  been  wished.  ^^  But,"  says  CaptaiM 
Phipps,  ^^  I  am  happy  in  an  opportunity  of  doing  justice  to  the 
nemory  of  these  men,  which,  without  having  traced  their  stepg, 
and  experienced  their  difficulties,  it  would  hav«*  been  impossible  to 
have  dooe«  They  appear  to  have  encountered  dangers,  which 
at  that  period  roust  have  been  particularly  alarming  from  their 
novelty,  with  the  greatest  fortitude  and  fierseverance ;  as  well  at 
to  have  shewn  a  degree  of  diligence  and  skill,  not  only  in  the  or- 
dinary and  practical,  but  in  the  more  scientific  parts  of  their  pro. 
festion,  which  might  hare  done  honour  to  modern  seamen,  with 
all  tJbelr  advantages  of  later  improvements.  This,  when  compared 
with  the  accounts  given  of  the  state  of  navSj^ation,  even  within 
theae  forty  years,  by  the  most  eminent  foreign  authors,  affords  the 
nojit  flattering  and  satisfactory  proof  of  the  very  early  existi  nee  of 
that  decided  superiority  in  naval  afFiirs  which  has  cairied  the 
yow^T  of  this  country  to  the  height  it  has  now  attained." 

This  great  point  of  geography  was  sufliTed  to  remain  wi  hout 
farther  investigation,  from  the  }ear  1676  till  1773,  when  the 
Earl  of  Sandwich,  in  ronsr'qii«*nce  of  an  application  that  had  been 
made  to  him  by  the  Ro}al  Society,  laid  before  the  King,  about 
the  beginning  of  Febriinry,  a  proposal  for  an  expedition  to  try 
how  far  navigation  was  practicable  toward  the  North  Pole;  which 
the  sovereign  was  pleased  to  direct  should  be  immediately  under, 
taken,  with  every  encouragement  that  could  countenance  such  an 
enterprise,  and  e^ery  assistance  that  could  contribute  to  its  suc- 
cess. The  honourable  Constuntiiie  John  Phipps  (late  Lord  Mul. 
grave)  was  appointed  to  conduct  the  expedition,  and  the  Race, 
horse  and  Carcass  bombs  were  fitted  out  to  attend  upon  it ;  the 
command  of  the  latter  was  ^.iven  to  Captain  Lutwidge. 

After  passing  the  islands  of  Shetland,  the  first  land  made  was 
Spitsbergen. 

This  coast  lying  in  latitude  77"*  5 Q'  11",  longitude  fi**  13'  east, 
appears  to  be  neither  habitable  nor  accessible.  It  is  formed  of 
high  t>arren  black  rocks,  without  the  least  marks  of  vegetation  ; 
jo  many  places  bare  and  pointed^  in  other  parts  covered  with 
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snow,  appearing  ejen  abore  the  clouds.  The  vallies  between  (he 
high  dilTs  were  filled  with  snow  or  ice.  *'  The  prospect,"  sayi 
Ciptain  Phipps,  "  would  have  spggeited  the  idea  of  paifAttl 
winter,  had  not  the  miMncss  of  thewiBlher,  the  smootti  <fW|F, 
bright  sun-shine,  and  constant  day-light,  given  a  cht^crruiiiessand 
noTcXy  to  the  whole  of  Ihts  striking  and  romnnlic  kcenc."  'tht: 
current  ran  along  the  coast  half  a  knot  an  li.jur,  north.  ^%e 
hiright  of  one  mountani  iicen  here,  was  foond  to  hn  Hftem  hundred 
and  (hri'o  yards.  Close  to  the  harbour  of  Sraccretibprg  ii  an 
island,  called  jlmtlerdam,  where  the  Dutch  used  formert;  |u 
boil  thi'ir  whale  oil;  and  the  reniaius  of  some  rouvruipiicj'  er«ct«d 
by  tliem  for  that  purpose  are  still  visible.  Onro  iht<y  nUt^mpUd  ta 
make  an  cstablithoient  here,  and  left  some  pen^jk- to  winter,  «Im> 
all  pirishf'd;  though  the  Dutch  ships  stilt  rvsurt  to  (Iw  pUC*  for 
the  latter  si^itson  of  the  whale-fishery-  It  lies  in  7!)'''  44'  nartb, 
a'5(/45"ensl. 

Captain  Phipps  brought  the  tvo  ships  to  latitude  80^3)' ngfU, 
where  ore  seven  islands  surrounded  with  ice.  Capltiin  Liit«ti(^e 
of  (he  Cariass  and  the  master  of  (he  Racehorsi^  asccrdfd  a  mona- 
toin  on  one  of  them,  from  the  summit  of  vhich  n  pruspectas. 
terUing  ten  or  twel?u  leagues,  eastward  an']  uorlh.^>rtm|id, 
presented  itself ;  the  whole  view  consisted  of  o 
of  tniooth  unbroken  ice,  bounded  only  by  Dih  horiz 
aUo  saw,  strc^tchiii:;  to  the  soath.easl,  what  h  laid  t 
Dutch  charts  to  be  islands.  The  weather  was  txceediiigiy  |jie, 
mild  and  clear.  '/ 

Mr.  Israel  Lyons,  a  very  distinguished  botanist  apil  asltfiHq^, 
who  went  out  in  (ho  Racehorse,  found  here  (he  head  of  a  naUi  of 
which  nothing  remained  but  the  bones ;  they  were  en(!n^'  ind 
white  Its  ivory ;  a  puncturo  appeared  on  the  skull,  of  %  s^Mr^ 
form,  which  seemed  ks  if  made  by  a  lar^e  nail.  Mr- Lyon*  tras 
in  possession  of  this  curiosity  at  (he  time  of  his  death,  whlCb  loo 
eager  a  pursuit  of  knowledge  brought  on  in  (tir>  prime  of  lift,  to 
the  great  regret  of  his  numerous  literary  friends. 

The  most  remarkable  viuws  which  these  dreary  regions  preMtit, 
are  what  are  called  Icebergs,  {lee.hillOt  coiisibiin^  of  Urge  bo^es 
of  ice,  filHnj^  the  vallies  between  the  high  inouiilains.  Tbetr  ftce 
toward  the  sea  is  nearly  perpendicular,  and  of  a  very  Itvdj  Itght 
green  colour.    One  was  about  three  hundred  feet  blgh,  wltlt  a 
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•which  lies  on  the  north-vest  side  of  Spitsbergen.  In  iirosecatin^ 
this  TO)  age,  the  most  northern  point  of  latitude  which  th«/ 
reached  was  8t''36',  and  between  the  latitudes  of  yy*"  60^  and  81% 
thej  traversed  Vl^  of  longitude;  being  from  2**  ea»t,  to  Ip*  30 

east. 

The  following  are  some  of  the  most  curious  obseryations  made 

during  tho  Toya^e : 

On  tlie  19(h  of  June,  by  a  meridian  observation  at  midnight, 
the  sun's  lo^vor  lirab  0  deg.  3?  min.  30  sec.  above  the  horizon, 
lalir.x'    G()'  ^4'  39''  north,  longitude  0  deg.  58'  46"  west.       In  la. 
tituiie  (57"  35'  '^'riptain  Phipps   sounded  with  a  very  heavy  lead 
the  depth    of  se^en  hundred   and  eighty  fathoms  without  getting 
ground  ;   ami  by  a  thermometer,  iuvented  by  Lord  Charles  Ca- 
ventiish  for  the  purpose,  found  the  teniperafnre  of  the  water  at 
that  depih,  lo  be  26  drg.  of  Fahrenheit,   the  temperature  of  the 
air  being  IvS  deg.  and  a  half.     June  24,  in  latitude  73**  40^  a  fire 
was  madp  in  the  cabin   for  the  first  time.      On  the  first  of  July  it 
w.T^  found  so  warm,  that  thoy  sat  without  a  fire  in  latitude  78*  13' 
36".     In  78"  o'  50",  at  four  in  the  morning,  Lord  Charles  Ca- 
vendish's thermometer  was  31,  that  of  the  air  40  and  a  h^lf.      At 
two  in  the  afternoon,  at  115  fathoms,  the  water  was  33  deg.  at 
the  surface  40  deg.  and  in  the  air  44  deg.  and  three  quarters. — 
July  16,  the  greatest  height  of  the  thermometer  was  58  deg.  and  a 
half,  at  eleven  in  the  forenoon,  and  at  midnight  57  deg.  in  lati- 
tude  79°  60'  longitude,   lOo  2'  30"  east.      On  the  19th  of  August, 
at  eleven  in  the  evening,  an  appearance  of  dusk  was  observed  at 
Smeerenberg.     On   the  24th  of  September,  stars  became  visible. 
*'  The  sight  of  a  star,"  says  captain  Phipps,  *'  was  now  become 
almost  as  ^reat  a  phenomenon  as  the  sun  at  midnight  had  been  two 
months  before,  when  we  first  got  within  the  Arctic  circle.  The  sky 
was  in  general  loaded  with  hard  white  clouds,  insomuch  that  thesun 
and  horizon  were  never  entirely  free  from  them,  even  in  the  clearest 
weather." 

Whilst  upon  this  subject  we  may  observe  that  the  first  Venetians 
who  explored  the  northern  extremity  of  the  European  contipent, 
were  struck  with  the  greatest  astonishment  at  the  continual  ap- 
pearance  of  the  sun  above  the  horizon,  and  relate  that  they  could 
only  distinguish  day  from  night  by  the  instinct  of  the  sea.fowI, 
which  went  to  roost  on  shore  for  the  space  of  four  hours.  Pietro 
Quirino  sailed  in  April  1431,  and  in  Janaary  1432  he  was  ship- 
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wrecked  uador  the  polar  circle.  A  bright  appearance  near  the 
horizon  was  always  a  ht-rald  to  signify  the  approach  of  ice ;  and 
this  the  pilots  caDed  the  blink  of  the  ice.  The  same  appearance 
was  noticed  on  Captain  Cook's  voyage  toward  the  sooth  pole  in 
1773  and  1774.  Dr.  Irving  tried  the  specific  gravity  of  ice  on 
board  the  Racehorse.  A  piece  of  the  most  dense  cold  ice  he 
conld  find  being  immersed  in  snow  water,  thermometer  34  deg. 
14  fifteenth  parts  sunk  under  the  surface  of  the  water.  In  brandy, 
just  proof,  it  barely  floated  ;  in  rectified  spirit  of  wine,  it  fell  to  the 
bottom  at  once,  and  dissolved  immediately. 

The  above  expedition  having  failed  in  the  grand  object  .it  was 
designed  to  effect,  the  Honourable  Daines  Barrington,  who  pro* 
posed  it  to  the  council  of  the  Royal  Society,  by  which  it  was  re« 
commanded  to  the  board  of  Admiralty,  in  order  to  free  himself 
from  the  imputation  of  having  planned  an  undertaking  which  was 
utterly  impracticable,  from  the  solid  body  of  ice  which  is  ever  met 
with  there,  read  a  paper  to  the  Royal  Society  in  May  1774,  in 
wbich  he  attempted  to  prove  the  practicability  of  approaching  to, 
aod  even  reaching  the  nortb.pole.      In  this  paper  he  relates  the 
following  very  singular  story,  which  w^s  told  him  by  Or.Campbel: 
A  Dr.Daillie,  who  lived  in  Racquet-court,  Fleet.street,  London, 
about  the  year  174*3,  and  practised  as  a  physician,  assured  Dr. 
Campbel,    that  he  had  been   farther   to  the  southward  and  the 
northward  than  perhaps  any  other  person  who  ever  existed.      He 
had  sailed  with  Roggewein,  the  famous  Dutch  navigator,  who  is 
said  to  have  reached   the  latitude  of  6T  30^  south,  in  the  year 
1722.      He  had  likewise  sailed,  when  very  young,  in  a  Dutch 
ship  of  war,  sent  out  to  superintend  the  Greenland  fishery,  when 
he  penetrated  (to  the  best  of  Dr.  Campbel's  recollection,  who 
related  it  from  memory  at  the  distance  of  thirty  years)  as  far  north 
as  latitude  86** ;  and  he  added,  that  the  weather  was  warm,  the 
sea  perfectly  free  from  ice,  and  rolling  like  the  Bay  of  Biscay. 
With  these  favourable  appearances,  Daillie  pressed  the  captain  to 
proceed  farther ;  but  he  answered,  that  he  had  already  gone  too 
far,  by  having  neglected  his   station,    for   which   he   should  be 
blamed  in  Holland ;  on  which  account  also  he  would  suffer  no 
journal  to  be  made,  but  returned  as  speedily  as  he  could  to  Spits- 
bergen. 

Nothing  but  the  deserved  estimation  in  which  Mr.  Barrington  is 
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held  could  preserve  so  ^Ipable  an  imposition  from  the  obliyion 
which  it  merits,  as  the  experience  of  two  centuries  is  to  be  placed 
in  opposition  to  the  bare  assertion  of  an  obscure  indif  idual,  who 
appears  to  hare  been  diverting  himself  with  the  credulity  of  a  man 
of  letters,  and  to  have  passed  himself  upon  him  as  a  roost  extraor. 
dinary  character.  Mr.  Barrington  afterward  pursued  the  subject 
farther,  and  produced  a  variety  of  doubtful  testimonies,  concern* 
ing  advances  which  have  been  made,  both  by  English  and  Dutch 
navigators,  beyond  the  eighty  .fourth  degree  of  latitude  ;  from 
which  evidence  he  concludes,  ^^  that  the  Dutch  seamen  employed 
in  the  Greenland  fishery  agree  with  our  own  countrymen,  in 
never  having  so  much  as  heard  of  a  perpetual  barrier  of  field  ice 
to  the  northward  of  Spitsbergen,  in  SO*"  3(/,  which  indeed  is  one 
of  their  most  common  latitudes  for  catching  whales,  whilst  all  of 
them  suppose  the  sea  to  be  generally  open  in  those  parts;  and 
many  of  them  proceed  several  degrees  beyond  it.*'  [Pcr^ntf. 

SECTION    IV. 

Cold  of  (he  North  Polar  Regions  at  ascertained  by  Captain 
Cook  during  his  third  Voyage^  together  tcith  his  Discovery 
of  a  Passage  from  the  Pacific  Ocean  Northzcard,  between 
the  Points  of  Asia  and  America^  and  his  attempts  to  Navi' 
gate  the  North  Sea, 

On  the  return  of  this  great  navigator  from  his  second  voyage,  he 
was  promoted  from  the  rank  of  master  and  commander  to  that  of 
a  captain  in  the  navy,  and  was  assigned  an  honourable  retreat,  by 
being  appointed  one  of  the  four  captains  of  Greenwich  Hospital, 
which,  beside  providing  him  with  a  delightful  residence,  has  the  pay 
of  ^230  per  annum  annexed  to  it.  Alike  caressed  by  the  great  and 
the  learned,  by  natives  and  foreigners,  who  all  beheld  him  with  an 
enthusiastic  kind  of  veneration,  in  the  fiill  possession  of  health  and 
spirits,  being  in  the  fifty.third  year  of  his  age,  he  was  one  of  those 
few  favoured  mortals  for  whom  extraordinary  merit  had  obtained 
an  immediate  recompence.  Those  navigators  w  ho  have  trans- 
mitted their  names  with  the  greatest  renown  to  future  ages,  havej 
in  general,  been  no  less  remarkable  for  the  unworthy  and  mortify* 
ing  returns  they  have  met  with  from  mankind,  when  they  have 
survived  their  perils,  and  seen  their  labours  crowned  with  success; 
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Imt  it  was  Captain  Cook's  good  fortune  to  lire  in  times  when 
merit  was  both  discerned  and  recompensed. 

The  eastern  extremity  of  Asia,  and  western  coast  of  North 
America,  remained  at  this  period  unknown;  and  although  a 
northem  passage  from  £urope  to  Asia  had  become  an  early  and  a 
iiiTonrite  object,  after  the  discovery  of  the  western  hemisphere, 
jet  no  attempt  had  been  made  to  reach  the  north  sea  from  the  Pa. 
dficf  Ocean.  As  a  naTigation,  therefore,  of  this  kind  was  not 
only  new,  but  connected  with  the  most  important  part  of  geogra- 
phical  knowledge  which  yet  remained  to  be  revealed,  namely,  the 
exact  position  of  the  extreme  points  of  the  two  continents ;  ano» 
ther  voyage  was  resolved  upoi.,  chiefly  with  a  view  to  effect  those 
important  purposes  ;  which,  when  effected,  nothing  would  remain 
io  complete  the  geography  of  the  globe,  but  what,  as  the  editor  of 
Captain  Cook's  third  voyage  (the  bishop  of  Salisbury)  observes, 
<<  might  justly  be  called  the  minutiw  of  the  science."  The  ope. 
rations  proposed  to  be  pursued  were  so  novel,  so  extensive,  and 
so  various,  that  the  skill  and  exertions  of  Captain  Cook  were 
thonght  requisite  to  conduct  them  ;  he  therefore  relinquished  the 
nominal  command  to  which  he  had  been  appointed,  in  order  to 
conduct  an  expedition  which  would  expose  him  to  the  toils,  the 
hardships,  and  the  perils  of  a  third  voyage  on  the  great  Pacific 
Ocean,  in  a  direction  which  had  scarcely  been  attempted.  To 
draw  forth  every  exertion  in  this  undertaking,  an  act  of  parlia. 
ment  was  passed,  by  which  the  discovery  of  a  northern  passage 
between  the  Atlantic  and  Pacific  oceans  was  declared  to  entitle  the 
discoverer  to  the  reward  of  twenty  thousand  pounds,  which,  by 
an  act  passed  in  1745a  had  been  restrained  to  such  expeditions  as 
shoald  discover  a  passage  through  Hudson'b  Bay ;  and  king's  ships 
were  now  entitled  to  the  reward  on  making  such  discovery,  from 
which  they  had  been  excluded  by  the  former  act.  The  Resolution 
sloop  was  appointed  to  this  service,  so  little  injury  had  she  sus. 
tained  in  her  last  voyage,  and  the  Discovery,  a  vessel  of  three 
hundred  tons,  was  joined  in  the  same  expedition ;  the  command 
of  her  was  given  to  Captain  Clerke,  who  had  been  twice  round 
the  world  with  Captain  Cook,  and  once  with  Commodore  Byron. 
On  the  1 1th  of  July,  1776,  the  Resolution  sailed  from  Plymouth, 
and  was  joined  by  the  Discovery  at  the  Cape  of  Good  Hope,  on 
the  10th  of  November  following. 
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The  whole  of  the  year  1777  was  employed  in  exploring  land  to 
the  southward,  and  in  trarersing  the  great  Pacific  Ocean  in  yariOQl 
directions,  by  which  many  more  islands  were  discovered,  whilst 
those  formerly  known  were  re. visited ;  on  these  several  useful 
animals  were  landed,  to  provide,  if  possible,  a  breed  of  cattle  an. 
known  in  those  regions;  the  western  coast  of  North  America  was 
explored,  and  an  acquaintance  with  Nootka  Sound  first  obtained. 
From  this  port  the  two  ships  sailed  on  the  17th  of  May,  1778,  to 
the  northward,  in  which  navigation,^  the  mouth  of  a  very  consi. 
derable  river  was  reached,  and  its  course  traced  more  than  seventy 
leagues  from  its  entrance,  being  explored  as  high  as  the  latitude  of 
6r  30',  in  longitude  150**  W.  but  its  source  could  not  be  disoern- 
ed,  or  conjectured  upon.  Captain  Cook,  in  his  journal,  called 
it  ^'  the  Great  River,"  but  it  has  since  received  the  name  of 
Cook's  River  J  which  it  is  likely  to  retain,  even  when  it^  whole  ex. 
tent  and  beneficial  communications  are  fully  ascertained. 

In  proceeding  from  the  mouth  of  Cook^s  River,  in  the  direction 
of  north  west,  on  the  26th  of  June,  at  half  past  four  in  the 
roorning,the  weather  being  so  thick  that  nothing  could  be  seen  at  the 
distance  of  an  hundred  yards,  those  on  board  the  Resolution  were 
alarmed  at  hearing  the  sound  of  breakers  on  their  larboard  bow, 
which  led  Captain  Cook  to  cast  anchor,  and  to  call  to  the  Disco. 
very  to  do  the  like.  A  few  hours  after,  the  fog  having  somewhat 
cleared  away^  the  dani;er  which  they  had  escaped  appeared  to  have 
been  imminent,  as  the  ships  had  passed  between  such  rocks  and 
breakers  in  the  dark,  as  our  navigator  would  not  have  ventured 
through  in  a  clear  day;  and  it  appeared,  that  the  ships  had  gained 
such  an  anchoring  place,  without  choice,  as  was  equal  to  any 
which  could  have  been  obtained  hy  the  most  deliberate  search! 
Captain  Cook,  in  his  chart,  distinguishes  the  cape  near  which 
this  event  happened,  by  the  name  of  Cape  Providence ;  and 
Ellis,  in  his  narrative  of  this  voyage,  calls  it  ^^  a  most  providen. 
tial  escape ;''  adding,  ^'  if  we  had  stood  on  five  minutes  looi^er, 
we  must,  in  all  probability,  have  been  on  shore ;  or  if  we  had 
varied  to  the  right  or  left,  we  should  have  run  the  risk  of  t>eing 
upon  the  rocks." 

The  American  coast  was  here  ascertained  to  form  a  long 
and  narrow  peninsula,  which  had  received  from  Beering,  the 
Russian  navigator  of  those  parts,  the  name  of  Alaska.      This  pro* 
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jfcting  point  of  the  American  continent  had  been  imperfectljr 
trsftced  by  him,  and  not  ascertained  to  be  part  of  the  continent, 
bnt  was  now  fully  explored  by  Captain  Cook;  to  him,  indeed, 
mankind  will  ever  be  indebted  for  the  knowledge  acquired  of  that 
part  of  the  world,  which,  until  he  y!sited  it,  was  alloi^cther  un- 
known. It  has  been  justly  remarked,  that  ^^  the  fictions  of  spe. 
culatiTe  geographers  in  the  southern  hemisphere  hare  been  conti- 
nent, and  in  the  northern  hemisphere  seas."  If  Captain  Cook  in 
his  second  voyage  annihilated  imaginary  southern  islands,  he  has 
made  amends  in  his  third  royage,  by  annihilating  northern  seas^ 
lUid  filling  op  the  yast  space  which  has  been  allotted  to  them,  with 
the  solid  contents  of  his  new  discoveries  of  American  land,  farther 
westward  and  northward  than  had  hitherto  been  traced.*' 

On  the  7th  of  August  our  navigator  reached  the  western  extra* 
mity  of  all  America  hitherto  known,  which  he  named  Cape  Prince 
of  Wales  ;  it  is  situated  in  latitude  ed''  46%  longitude  168''  5'  W. 
On  the  9th,  the  two  ships  crossed  the  strait,  for  the  opposite  coast 
of  Asia,  which  they  reached  the  next  day  :  the  coasts  of  the  tvrcr 
continents  are  there  dibtant  only  thirteen  leagues.  The  people 
who  inhabit  this  eastern  extremity  of  Asia  are  called  the  2-achutakiy 
and  were  visited  by  Bcering  in  1728.  This  land  Captain  Cook 
considers  as  properly  the  Tschukotskoi  Noss^  or  eastern  promon- 
tory of  Asia,  although  the  promontory  to  which  Beerin  r  gave  that 
name  Is  further  to  the  south-west.  It  is  a  peninsula  of  considerable 
height,  joiDed  to  the  continent  by  a  very  low  and,  to  all  appear, 
lince,  narrow  neck  of  land,  in  latitude  66°  6^  and  longitude  169* 
SS*  W,  Proceeding  to  the  north-east,  they  regained  the  Ameri. 
can  shore,  being  now  in  the  Arctic  or  North  Sea  ;  on  the  17th 
they  had  reached  latitude  70°  33',  when  a  brightness  in  the  north, 
ern  horizon  appeared,  like  that  reflected  from  ice,  and  which  is 
commonly  called  ^'  the  blink  ;'*  in  an  hour  after,  a  large  field  of 
ice  became  visible,  and  shortly,  when  in  latitude  70°  41',  entirely 
prevented  the  farther  progress  of  the  ships  in  that  direction.  On 
the  18th  the  two  ships  were  close  to  the  edge  of  the  ice,  which  was 
as  compact  as  a  wall,  and  seemed  at  least  ten  or  twelve  feet  high  ; 
farther  north  it  appeared  much  higher,  its  surface  was  extremely 
rugged,  and  here  and  there  pools  of  water  were  observed  upon 
it.  The  depth  of  water  was  from  seven  to  nine  fathoms.  At 
this  thne  the  weather,  which  had  been  hazy,  cleared  up  a  little. 
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and  Und  was  seen  extending  fromS.  toS.  E.  by  £•  about  three 
or  four  miles  distant.  As  the  eastern  extreme  point  of  land  was 
much  encumbered  with  ice,  Captain  Cook  gave  it  the  name  of  /cy 
Capey  latitude  70°  29",  longitude  162M(/.  This  is  doubtless  a 
continuation  of  the  American  continent.  Here  prodigious  numbers 
of  sea-horses  were  seen,  lying  upon  the  ice.  The  ships  were  then 
in  a  critical  situation,  being  in  shoal  water,  upon  a  lee  shore,  the 
main  bo  !y  of  the  ice  to  windward  driving  down  upon  them.  On 
the  21st,  the  ice  was  found  to  cover  a  part  of  the  sea  which  but  a 
few  days  before  had  been  clear,  and  to  extend  farther  to  the  south 
than  when  it  was  first  fallen  in  with.  Captain  Cook  supposed  that 
the  whole  body  of  ice  was  a  moveable  mass. 

Quitting  the  American  coast,  and  proceeding  to  the  westward, 
the  water  deepened  gradually  to  twenty-eight  fathoms,  which  was 
the  greatest  depth  found  in  the  Arctic  or  North  Sea.  In  the 
morning  of  the  26th,  ice  was  again  fallen  in  with,  latitude  69**  S6'j 
longitude  176**  W.  which  gave  no  better  prospect  of  getting  to  the 
north  in  that  meridian  than  nearer  shore.  Standing  to  the  west* 
ward,  in  the  aflternoon  the  ships  were  in  a  manner  embayed  io  the 
ice,  which  lay  E.  N.  E.  and  W.  N.  W.  as  far  each  way  as  the  eye 
could  reach.  There  being  little  wind,  Captain  Cook  went  with  the 
boats  to  examine  the  state  of  the  ice,  and  found  it  to  consist  of  loose 
pieces  of  various  kinds,  so  closely  wedged  together  that  it  was  diffi. 
cult  to  enter  the  outer  edge  with  a  boat,  and  it  was  as  impossible 
for  ships  to  enter  it  as  if  it  had  been  so  many  rocks.  It  was  all 
pure  transparent  ice,  except  the  upper  surface,  which  was  a  little 
porous.  It  appeared  to  be  all  composed  of  frozen  snow,  and  to 
have 'been  all  formed  at  sea.  The  pieces  of  ice  which  composed 
the  outer  edge  of  the  field  were  from  forty  or  fifty  yards  in  extent 
to  four  or  five,  and  Captain  Cook  supposed  the  larger  pieces  to 
rise  thirty  feet  or  more  above  the  surface  of  the  water ;  and  he  is 
of  opinion  that  the  sun  has  very  little  influence  in  reducing  these 
great  masses  of  ice,  as  in  this  climate  it  seldom  shines  out  longer 
than  a  few  hours  atji  time,  and  often  is  not  seen  for  several  days 
together.  It  is  the  wind,  or  rather  the  waves  raised  by  the  wind, 
tliat  diminish  the  bulk  of  these  enormous  masses,  by  grinding  one 
piece  against  another,  and  by  undermining  and  washing  away  those 
parts  that  lie  exposed  to  the  surge  of  the  sea. 

On  the  29th  land  was  seen,  the  extreme  point  of  which  was 
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named  Cape  Nortiij  and  bejond  this  the  ships  were  unable  to  pe. 
netrate:  it  lies  in  latitude  68**  56',  longitude  179^  c^W.  <<  The 
coast  beyond  it,"  8a3r8  Captain  Cook,  ^^  must  take  a  lery  westerly 
direction  ;  for  we  could  see  no  land  to  the  northward,  although  the 
horizon  was  there  pretty  clear." 

As  there  was  now  rery  little  probability  of  fioding  a  passage  Into 
die  Atlantic,  and  thk  season  was  so  far  adranced,  that  the  frost  was 
expected  to  set  In,  our  nafigator  confined  his  attention  to  the  ob. 
taining  some  place  where  wood  and  water  might  be  procured,  and 
where  he  might  employ  the  winter  months  in  making  such  discofo. 
riea  as  skoald  prore  useful  to  geography  and  navigation,  at  the  same 
time  that  be  should  be  enabled  to  render  his  ships  and  their  crews 
In  a  better  condition  to  return  to  the  north,  in  farther  search  of  a 
passage  the  ensuing  summer, 

ICook's  Third  Voyage. 

SECTION    V. 

Remarke  on  the  State  of  the  Globe  within  the  Arctic  Circle^  a$ 
ii  appears  from  the  tzco  preceding  Voyages  toward  the  North 
Pole. 

If  the  result  of  Lord  Mulgrave's  voyage  was  unfavourable  to  i\\^ 
opinion  until  then  entertained  of  the  practicability  of  making  ad- 
vances in  that  region  of  ice,  the  voyage  of  Captain  Cook  on  the  op. 
posite  side  of  the  globe  was  still  more  so,  being  very  near  elevf  n 
degrees  short  of  the  approach  made  by  the  former ;  and  they  con. 
cur  in  proving  the  impossibility  of  navigating  in  high  northern  lati. 
tndes.  Lord  M nigra ve  made  his  nearest  approach  to  the  pole  on 
the  31st  of  Jnly  ;  Captain  Cook's  greatest  approximation  was  on 
the  18th  of  August.  The  latter,  on  the  30th  of  January,  1774, 
proceeded  nearer  toward  the  south  pole  by  twenty.six  minutes 
than  he  was  capable  of  penetrating  toward  the  north.  It  is  like* 
wbe  worthy  of  notice,  how  very  different  the  arctic  regions  ap. 
peered  to  be,  In  many  important  particulars,  on  its  opposite  sides; 
for  instance,  Lord  Mulgrave  could  find  no  bottom  with  a  vast 
quantity  of  line  ;  Captain  Cook  never  got  a  greater  depth  of  wa. 
ter  than  twenty-eight  fathoms.  When  sailing  from  Europe,  cur« 
r%n^  were  found  to  set  in  strong  in  the  highest  latitudes  which  were 
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reached}  and  to  be  very  variable  ;  in  proceeding  from  the  points  of 
Asia  and  America,  no  current  could  be  obserred.  On  one  tide  of 
the  globe  the  sky  was,  in  general,  loaded  with  hard,  white  cloudt| 
insomuch  that  the  sun  and  horizon  were  never  entirely  free  from 
them,  even  in  the  clearest  weather ;  on  the  other  side,  fogs  pre- 
vailed to  such  a  degree  as  entirely  to  obscure  the  sun,  for  many 
days  in  succession.  The  degree  of  cold  was  likewise  much  greater 
on  the  Asiatic  than  on  the  European  side  of  the  globe,  which  ac- 
counts for  the  expansion  of  the  ice  being  so  much  greater  in  the 
former  place. 

In  the  year  1770,  the  Fludson's  Bay  Company  directed  Mr* 
Hearne,  an  officer  in  their  service,  to  explore  the  American  conti- 
nent to  the  north-westward  of  their  settlements,  in  order  to  ascer* 
tain  whether  it  was  practicable  to  reach  the  northern  ocean  over 
land,  and  how  far  the  continent  extended  northward.  In  this  la- 
borious enterprise  Mr.  Hearne  was  employed  eighteen  months.  He 
traced  the  continent  to  its  tehnination  in  about  71^  2(/  N.  latitude, 
and  123°  W.  longitude,  but  the  north  sea  which  there  presented 
Itself  was  frozen  over,  except  the  parts  about  the  coast,  which  ren- 
dered it  unquestionable  that  no  navigation  was  practicable  upon  it, 
and  consequently  all  prospect  of  opening  a  communication  with 
Asia  by  means  of  that  sea  will  for  ever  vanish. 

Captain  Cook  having  thus  finished  his  northern  cruise,  visited  a 
cluster  of  islands  between  Kamtschatka  and  the  American  coast ; 
then  proceeding  to  a  group  of  islands,  lying  within  the  tropic, 
which  had  been  discovered  by  him  on  this  voyage,  and  named  the 
Sandwich  islands,  on  the  1st  of  December  reached  a  large  island  in 
this  cluster,  which  was  called  by  the  natives  Owhyhee,  where  he 
proposed  to  procure  refreshments  for  his  people,  and  to  repair  his 
ships  ;  but  whilst  so  employed  he  roost  unfortunately  lost  his  life, 
in  a  skirmish  with  the  natives,  on  the  14th  of  February,  1779* 

On  the  death  of  Captain  Cook,  the  command  of  the  expedition 
devolved  on  Captain  Clerke,  who  removed  on  board  the  Resola* 
tion,  and  Lieutenant  Gore,  who  had  three  times  circumnavigated 
the  globe,  became  captain  of  the  Discovery.  At  that  time,  Cap* 
tain  Gierke's  health  was  in  a  rapid  decline  -,  but  although  his  bodj 
was  fast  sinking  to  dissolution,  yet  bis  mind  continued  zealously  in« 
tent  on  conducting  the  two  ships  northward,  and  accomplishing 
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Iboae  great  ol^ects  of  discofery  which  Captain  Cook  had  purposed 
io  attempt,  and  to  hare  entered  on  his  career  in  the  month  of  May 
following. 

The  present  commander  proceeded  to  the  peninsula  of  Kamt- 
schatka,  and  entering  the  bay  of  Awatska,  landed  at  the  little  town 
of  St.  Peter  and  St.  Paul,  on  the  last  day  of  April.  No  appearance 
of  spring  had  then  cheered  that  dreary  region;  here  he  confinned 
aatil  tiK  15th  of  June,  iu  which  time  the  two  ships  were  well  rio- 
tualled  aad  watered;  but  such  was  the  state  of  Captain  Gierke's 
bealUi,  that  neither  the  repose  which  he  enjoyed  in  the  harbour, 
nor  a  vulk  and  vegetable  diet,  with  which  he  was  supplied  by  the 
httfluuie  aalstance  of  a  kind-hearted  Russian  priest,  named  Ro. 
nanoff  Fereshagen,  who  oi&ciated  at  the  Tillage  of  Paratounca, 
abont  sixteen  miles  distant  from  the  town  of  St.  Peter  and  St.  Paul, 
eonld  restore  that  excellent  officer :  yet,  debilitated  and  wasted  as 
he  was,  be  resoWed  to  employ  the  last  remnant  of  his  life  in  a  se- 
cond attempt  to  find  out  a  northern  passage.^ — So  much  was  he  in- 
spired with  the  spirit  of  his  great  master  and  exemplar ! 

In  this  second  naTtgation  of  the  Arctic  or  North  Sea,  the  farthest 
adrance  which  the  ships  were .  capable  of  making  was  to  latitude 
7CP  36^,  and  longitude  of  1 05**  6'  W.  which  was  fifteen  minutes 
short  of  the  point  reached  by  Captain  Cook  the  preceding  year, 
in  a  direction  somewhat  more  than  two  degrees  to  the  westward  of 
his  course,  and  just  a  month  earlier  in  the  summer,  being  on  the 
18th  of  July.  The  remainder  of  that  month  was  employed  in  na. 
vigating  the  sea  in  various  directions,  gradually  proceeding  to  the 
southward.  On  the  31st,  he  repassed  the  straits  which  separate 
the  two  continents,  and  which  have  received  the  name  of  Beering^s 
Siraiit*  On  the  18th  of  August  the  ships  again  entered  Awatska 
bay,  but  the  day  before  Captain  Clerke  breathed  his  last ;  his  re. 
aafais  were  intert'cd  on  shore,  and  under  the  orders  of  his  successor 
Captain  Gore,  on  whom  the  chief  command  now  devolved,  an 
escatcheon  was  put  up  in  the  church  of  Paratounca,  prepared  by 
Mr.  Webber,  the  landscape  painter  of  the  Resolution,  with  an  in- 
scription upon  it,  setting  forth  Captain  Clerke's  age  and  rank,  to* 
gether  with  the  object  of  the  expedition  in  which  he  was  engaged 
at  the  time  of  his  death.  Captain  King  then  became  commander 
of  the  Discovery. 

On  the  9th  of  October  Captain  Gore  quitted  Awatska  bay,  and, 
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proceeding  south-eastward,  sailed  along  the  eastern  coast  of  Japan^ 
whence  he  proceeded  to  Macao,  in  China,  and  passed  throagb  the 
straits  of  Banca.  On  the  4th  of  October  the  ships  arriTed  safe  at 
the  Nore. 

[CooAr.  Fourneaux,  Hawksworih, 

SECTION    VI. 

Effects  of  Cold,  as  observed  in  1741.9,  ai  Prince  of  IFaieeU 
Forty  at  Churchill's  River,  HudsonU  Bay%    * 

By  Captain  Cbriitopher  Middletoo,  F.  R.S. 

Captain  Middleton  states,  that  the  hares,  rabbtt8,'foxe8  and  parw 
tridges  of  these  regions  in  September,  and  the  beginning  of  October^ 
changed  their  natire  colour  to  a  snowy  white;  and  that  for  us 
months,  in  the  severest  part  of  the  winter,  he  never  saw  anj  but 
what  were  all  white,  except  some  foxes  of  a  different  sort,  which 
were  grizzled,  and  some  half  red,  half  white. 

That  lakes  and  standing  waters,  which  are  not  above  ten  or  twelve 

feet  deep,  are  frozen  to  the  ground  in  winter,  and  the  fishes  in  them 

ail  perish.     Yet  in  rivers  near  the  sea,  and  lakes  of  a  greater  deptb 

than  ten  or  twelve  feet,  fishes  are  caught  all  the  winter,  bj  catting 

holes  through   the  ice  down  to  the  water^  and  putting  lines  and 

hooks  in  them.     But  if  they  are  to  be  taken  with  nets,   they  cut 

several  holes  in  a  straight  line  the  length  of  the  net,  and  pass  the 

net,  with  a  stick  fastened  to  the  head  line,  from  hole  io  hole,  till  it 

roaches  the  utmost  extent ;  and  what  fishes  come  to  these  holes  for 

air,  are  entangled  in  the  net ;  and  these  fish,  as  soon  as  brought 

into  the  open  air,  are  instantly  frozen  as  stiff  as  stock-fish*     The 

seamen  freshen  their  salt  provisions,  by  cutting  a  large  hole  throngh 

the  ice  in  the  stream  or  tide  of  the  river,  which  they  do  at  the  be* 

ginning  of  the  winter,  and  keep  it  open  all  that  season.     In  thia 

hole  they  put  their  salt  meat,  and  the  minute  it  is  immersed  under 

water,  it  becomes  pliable  and  soft,  though  before  its  Immersion  it 

was  hard  frozen. 

Beef,  pork,  mutton,  and  venison,  that  are  killed  at  the  beginniqg 
of  the  winter,  are  preserved  by  the  frost,  for  six  or  seven  montbf, 
entirely  free  from  putrefaction,  and  prove  tolerably  good  eating. 
Likewise  gcrse,  partridges,  and  other  fowl,  that  are  killed  at  the 
fiame  time,  and  kept  with  their  feathers  on,  and  guts  in^  require  no 
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other  preseirative,  but  the  frost,  to  make  them  good  wholesome 
eating,  as  long  as  the  winter  continues.  All  kinds  of  fish  are  pre- 
served  in  the  like  manner. 

In  large  lakes  and  rirers,  the  ice  is  sometimes  broken  by  inpri. 
soned  vaponrs ;  and  the  rocks,  trees,  joists,  and  rafters  of  our 
bnildings,  are  burst  with  a  noise  not  less  terrible  than  the  firing 
of  a  great  many  guns  together.  The  rocks  which  are  split  bj 
the  frott,  are  heaved  up  in  great  heaps,  leafing  large  caTities  bo- 
hiad  ;  wluch  may  be  caused  by  imprisoned  watery  vapoars,  that 
require  more  room,  when  froxen,  than  they  occupy  in  their  fluid 
state.  N«ther  is  it  wonderful  that  the  frost  should  be  able  to  tear 
up  rocks  and  treee,  and  split  the  beams  of  our  houses,  when  we 
consider  its  great  force  and  elasticity.  If  beer  or  water  be  left  in 
magi,  cans,  bottles,  or  copper  pots,  though  they  were  put  by 
onr  bed-sides,  in  a  severe  night  they  are  split  to  pieces  before 
aoming.  not  beiirg  able  to  withstand  the  expaasire  force  of  the  in* 
closed  ice. 

The  air  is  filled  with  innumerable  particles  of  ice,  very  sharp 
and  angular,  and  plainly  perceptible  to  the  naked  eye.  Captain 
M.  several  times  tried  to  make  observations  of  some  celestial  bo- 
dies, particularly  the  immersions  of  Jupiter's  satellites  with  reflects 
ing  and  refracting  telescopes  :  but  the  metals  and  glasses,  by  the 
thne  he  could  fix  them  to  the  object^  were  co?ered  a  quarter  of  an 
ioch  thick  with  ice,  which  rendered  the  object  indistinct,  so  that 
it  is  not  without  great  difficulties  that  any  observations  can  be 
taken. 

Bottles  of  strong  beer,  brandy,  strong  brine,  spirits  of  wine,  set 
out  in  Che  open  air  for  three  or  four  hours,  freeze  to  solid  ice.  He 
tried  to  get  the  sun's  refraction  to  every  degree  above  the  horizon, 
with  Elton's  quadrant,  but  to  no  purpose,  for  the  spirits  froze  al* 
Host  as  soon  as  brought  into  open  air. 

The  frost  is  never  out  of  the  ground  ;  how  deep  cannot  be  cer- 
tain. They  have  dug  down  ten  or  twelve  feet,  and  found  the  earth 
l^ard  frozen  in  the  two  summer  months  ;  and  what  moisture  is 
ibond  five  or  six  feet  down,  is  white  like  ice.  The  waters  or  rivers 
Dear  the  sea,  where  the  current  of  the  tide  flows  strong,  do  not 
freeze  above  nine  or  ten  feet  deep. 

All  the  water  used  for  cooking,  brewing,  Sec,  is  melted  snow  and 
iee;  no  spring  is  yet  found  free  from  freezing,  though  dug  ever  so 
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deep  down.    All  waters  inland  are  frozen  fast  by  the  begisniiig  af 
October,  and  continue  se  till  the  middle  of  Maj. 

The  walls  ef  the  house  they  lired  in  are  of  stone,  two  feet  thickf 
the  windows  Tery  small,  with  thick  wooden  shutters,  which  m 
dose  shut  eighteen  hours  e^ery  day  in  the  winter.  There  are  eel* 
lars  under  the  house,  where  are  put  the  wine9>  brandy,  strong 
beer,  butter,  cheese,  &c«  Four  large  fires  are  made  in  great 
stoTes,  built  on  purpose,  eyery  day.  As  soon  as  the  wood  h  bnmt 
down  torn  coal,  the  tops  of  the  chimneys  are  close  stopped  with  an 
iron  coTer :  this  keeps  the  heat  within  the  house,  though  at  iSbm 
same  time  the  smoke  makes  their  heads  ach,  and  is  very  offensiTa 
and  unwholesome  ;  notwithstanding  which,  in  four  or  fire  hoars 
after  the  fire  is  out,  the  Inside  of  the  walls  of  the  house  and  bed« 
places  will  be  two  or  three  inches  thkk  with  ice,  which  Is  eterf 
morning  cut  away  with  a  hatchet.  Three  or  four  times  a  day  the^r 
make  iron  shot  of  twenty  .four  pounds  weight  red*hot,  and  bang 
them  up  in  the  windows  of  the  apartments.  Though  a  good  fire  be 
i»the  room  the  major  part  of  the  twenty-four  hoars,  yetalltliii 
wHl  net  preserre  the  beer,  wine,  ink,  &c  from  freezing. 

For  a  winter  dress,  they  make  use  of  three  pair  of  socks  of  coarao 
blanketing,  or  Duffield,  for  the  feet,  with  a  pair  of  deer-skin  shoef 
over  them  ;  two  pair  of  thick  English  stockings,  and  a  pair  of  cloA 
stockings  upon  them  ;  breeches  lined  with  flannel ;  two  or  threo 
English  jackets,  and  a  fur  or  leather  gown  over  them ;  a  large 
beaver  cap,  double,  to  come  over  the  face  and  shoulders,  and  a 
cloth  of  blanketing  under  the  chin ;  with  yam  gloves,  and  a  laige 
pair  of  beaver  mittens,  hanging  down  from  the  shoulders  before^  to 
put  the  hands  in,  which  reach  up  as  high  as  the  elbows ;  yet  no^ 
withstanding  this  warm  eloathing,  almost  every  day,  some  of  the 
men  that  stir  abroad,  if  any  wind  blows  from  the  northward^  are 
dreadfully  frozen ;  some  have  their  arms,  hands,  and  face  blistered 
and  frozen  in  a  terrible  manner,  the  skin  coming  off  soon  after 
they  enter  a  warm  house,  and  some  have  lost  their  toes.  And 
their  confinement  for  the  cure  of  these  frozen  parts,  brings  on  the 
scurvy  in  a  lamentable  manner.  Many  have  died  of  it,  and  few  are 
free  from  that  distemper.  And  notwithstanding  all  endeavoart^ 
nothing  will  prevent  that  distemper  from  being  mortal,  but  exer. 
rise  and  stirring  abroad. 

CoTonK  and  parhelia^  commonly  called  halos  and  mock*sant| 
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ippear  Xreqaently  about  the  sun  and  moon  bere.  They  are  seen 
onoe  or  twice  a  week  about  the  sun,  and  once  or  twice  a  month  about 
tile  moouy  for  four  or  fite  months  in  the  winter^  sereral  coron«  of 
dii&rent  dhmeters  appearing  at  the  same  time.  Five  or  six  pa. 
lallel  corone,  concentric  with  the  sun,  are  seen  sereral  times  fai 
the  winteTy  being  forthe  most  pait  very  bright,  and  always  attended 
with  parhelia  or  mock- sons.  The  parhelia  are  always  accompa. 
ikd  with  coronie,  if  the  weather  be  clear ;  and  continue  for  se» 
Teral  daya  together,  from  the  sun's  rising  to  his  setting.  These 
linga  are  of  yarious  colours,  and  about  forty  or  fifty  degrees  in 
diameter. 

The  frequent  appearance  oF  these  phenomena  in  this  frozen 
dime  seems  to  confirm  Descartes's  hypothesis,  who  supposes  thera 
to  proceed  from  ice  suspended  in  the  air. 

The  aurora  borealis  is  much  oftner  seen  here  than  in  England  ; 
ssidom  a  night  passes  in  the  winter  free  from  their  appearance. 
They  shine  with  a  surprising  brightness,  darkening  all  the  stars  and 
planets,  and  corering  the  whole  hemisphere :  their  tremulous  mo« 
tioa  from  all  parts,  and  their  beauty  and  lustre,  are  much  the 
same  as  in  the  northern  parts  of  Scotland,  Denmark,  &c. 

The  dreadful  long  winters  here  may  almost  be  compared  to  the 
polar  parts,  where  the  absence  of  the  sun  continues  for  six  months ; 
tlie  air  being  perpetually  chilled  and  frozen  by  the  northerly  winds 
la  winter,  and  the  cold  fogs  and  mists  obstructing  the  sun^s  beams 
in  the  short  summer  they  hare ;  for  notwithstanding  the  snow  and 
ice  is  then  dissolved  in  the  lo  w-lands  and  plains,  yet  the  mountains 
are  perpetually  covered  with  snow,  and  incredible  large  bodies  of 
ioa  continue  in  the  adjacent  seas.  When  the  wind  blows  from  the 
southern  parts,  the  air  is  tolerably  warm  ;  but  very  cold  when  it 
somes  from  the  northward ;  and  it  seldom  blows  otherwise  than 
between  the  nortlueast  and  north-west,  except  in  the  two  summer 
Bonths,  when  they  have  light  gales  between  the  east  and  the  north, 
sad  calms. 

The  northerly  winds  being  so  extremely  cold,  is  owing  to  the 
aeighbourhood  of  high  mountains,  whose  tops  are  perpetually  co- 
vered with  snow,  which  exceedingly  chills  the  air  passing  over 
them.  The  fogs  and  mists,  brought  here  from  the  polar  parts  in 
wiater,  appear  visible  to  the  naked  eye  in  innumerable  icicles,  as 
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small  as  fine  hairs  or.  threads,  and  pointed  as  sharp  as  needles. 
These  icicles  lodge  in  the  cloaths ;  and  if  the  faces  or  hands  be  un- 
covered, they  presently  raise  blisters  as  white  as  a  linen  cloth,  and 
as  hard  as  horn.  Yet  if  they  immediately  turn  their  backs  to  tho 
weather,  and  can  bear  a  hand  out  of  the^initten,  and  with  it  rub  the 
blistered  part  for  a  small  time,  they  sometimes  bring  the  skia  to  its 
former  state :  if  not,  they  make  the  best  of  their  way  to  a  fire,  an^ 
get  warm  water,  with  which  they  bathe  it,  and  so  dissipate  the  hu« 
mours  raised  by  the  frozen  air  ;  otherwise  the  skin  would  be  off  in 
a  short  time,  with  much  hot,  serous,  watery  matter  coming  from 
under  along  with  the  skin ;  and  this  happens  to  some  almost  eierj 
time  they  go  abroad  for  five  or  six  months  in  the  winter,  so  ex- 
tremely  cold  is  the  air  when  the  wind  blows  any  thing  strong. 

It  is  observed ,  that  when  it  has  been  extreme  hard  frost  by  the 
thermometer,  and  little  or  no  wind  that  day,  the  cold  has  not  near 
so  sensibly  afiected  them,  as  when  the  thermometer  has  shewed 
much  less  freezing,  having  a  brisk  gale  of  northerly  wind  at  tba 
6ame  time.  This  difference  may  perhaps  be  occasioned  by  thoM 
sharp-pointed  icicles  before  mentioned  f  triking  more  forcibly  in  a 
-windy  day  than  in  calm  weather,  thereby  penetrating  the  naked 
skin^  or  parts  but  thinly  covered,  and  causing  an  acute  sensation 
of  pain  or  cold.  And  the  same  reason  will  probably  hold  good  in 
other  places. 

It  is  not  a  little  surprising  to  many,  that  such .  extreme  cold 
should  be  felt  in  these  parts  of  America,  more  than  in  places  of  the 
same  latitude  on  the  coast  of  Norway ;  but  the  difference  seems  Co 
be  occasioned  by  wind  blowing  constantly  here,  for  seven  months 
in  the  twelve,  between  the  north-east  and  north.west,  and  passing 
over  a  large  tract  of  land,  and  the  exceedingly  high  mountain^,  &o» 
Whereas  at  Drontheim  in  Norway,  as  Captain  M.  observed  some 
years  ago  in  wintering  there,  the  wind  all  the  winter  comes  from 
the  north  north. west,  and  crosses  a  great  part  of  the  ocean  clear  of 
those  large  bodies  of  ice  found  here  perpetually.  At  this  place 
they  have  constantly  every  year  nine  months  frost  and  snow,  and 
unsufiFerable  cold  from  October  till  the  beginning  of  May.  In  the 
long  winter,  #s  the  air  becomes  less  ponderous  towards  the  poimr 
parts,  and  nearer  to  an  equilibrium,  as  it  happens  about  one  day  in 
^  week,  they  then  have  calms  and  light  airs  all  round  the  compafs, 
continuing  sometimes  twenty .fqur  hours,  and  then  back  to  ils  old 
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pliM  Ritio,  io  the  lame  manaer  as  it  kappeos  trerjr  night  io  the 
Weft  Indief,  near  some  of  the  islands. 

Tko  snow  that  falls  here  is  as  fine  as  dust,  bat  ne? er  any  hail, 
ticept  at  the  beginning  and  end  of  winter.  Almost  every  full  and 
change  of  the  moon,  very  hard  gales  from  the  north.  The  constant 
tiade-winds  in  these  northern  pirts  he  thinks  undoobtediy  to  pro. 
Cicd  frooi  the  same  principle  which  Dr.  ilalley  couceiYes  to  be  the 
cuso  of  the  trade* winds  near  the  equator,  and  their  variations. 
For  that  the  cold  dense  air,  by  reason  of  its  great  gravity,  conti* 
■lalljr  presses  from  the  polar  parts  towards  the  equator,  where  the 
air  it  more  rarefied,  to  preserve  an  equilibrium  or  balance  of  the 
whampknn^  u  very  evident  from  the  wind  in  those  frozen  regions 
blowing  from  the  north  and  north-west,  from  the  beginning  of 
October  till  May ;  for  when  the  son,  at  the  beginning  of  June»  has 
warased  those  countries  to  the  northward,  then  the  south-east,  east 
sad  Tariable  winds,  continue  till  October  again ;  and  doubtless  the 
tmda.windf  and  hard  gales  may  be  found  in  the  southern  polar 
parte  to  blow  towards  the  equator,  when  the  son  is  in  the  northern 
lignt,  from  the  same  principle. 

Tlio  limit  of  these  winds  from  the  polar  parts,  towards  the  equa. 
tor,  is  seldom  known  to  reach  beyond  the  30th  degree  of  latitude  ; 
and  the  nearer  they  approach  to  that  limit,  the  shorter  is  the  con. 
tioaance  of  those  winds.  In  New  England  it  blows  from  the  north 
Bear  fonr  months  in  the  winter  ;  at  Canada,  about  five  months ; 
St  the  Dane's  settlement  in  Davis's  Straits,  in  the  03d  degree  of 
latitude,  near  seven  months ;  on  the  coast  of  Norway,  in  64**,  not 
sbove  fire  months  and  a  half,  because  blowing  OTer  a  great  part  of 
the  ocean,  as  before.mentioned  ;  for  those  northerly  winds  conti. 
one  a  longer  or  shorter  time,  as  the  air  is  more  or  less  rarefied, 
which  may  very  probably  be  altered  several  degrees,  by  the  na. 
tore  of  the  soil,  and  the  situation  of  the  adjoining  continents. 

The  Tast  bodies  of  ice  met  with  in  the  passage  from  England  io 
Hndson's-bay,  are  very  surprising,  not  only  as  to  quantity,  but 
Bwgnitnde,  and  as  unaccountable  how  they  are  formed  of  so  great 
a  bulk,  tome  of  them  being  immersed  100  fathom  or  more  nnder  the 
lorfaoe  of  the  ocean ;  and  a  fifth  or  sixth  part  above,  and  three  or  four 
mtletin  circumference.  Some  hundreds  of  these  are  sometimes  seen 
in  a  voyage,  all  In  sight  at  once,  when  the  weather  is  clear.  Some 
•f  them  are  frequently  seen  on  the  coasts  and  banks  of  Newfound. 
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land  and  New  England,  though  much  diminished.  When  be- 
calmed in  Hudson's-straits  for  three  or  four  tides  together,  Capt. 
M.  has  taken  a  boat,  and  hiid  close  to  the  side  of  one  of  them, 
sounded,  and  found  100  fathom  water  all  round  it.  The  tide  flows 
here  abo?e  four  fathom  ;  and  he  has  ob8cr?ed,  by  msu'ks  on  a  body 
of  ice,  the  tide  to  rise  and  fall  that  difference,  which  was  a  cer- 
tainty of  its  being  aground.  And  in  a  harbour  in  the  island  of 
Resolution,  where  he  continued  four  days,  three  of  these  isles  of 
ice  came  aground.  He  sounded  along  by  the  side  of  one  of  them, 
quite  round  it,  and  found  thirty-two  fathom  water,  and  the  height 
aboTC  the  surface  but  ten  yards ;  another  was  twenty-eight  fc- 
thom  under,  and  the  perpendicular  height  but  nine  yards  abore 
the  water. 

Captain  Middleton  accounts  for  the  aggregation  of  such  large 
bodies  of  ice  in  this  manner :  all  along  the  coasts  of  DaTis*8« 
straits,  both  sides  of  BafUn's.bay,  Hudson's-straits,  Anticosh,  or 
Labradore,  the  land  is  tery  high  and  bold,  and  100  fathoms,  or 
morO|  close  to  the  shore.    These  shores  hare  many  inlets  or  faira, 
the  caTities  of  which  arc  filled  up  with  ice  and  snow,  by  the  almost 
perpetual  winters  there,  and  frozen  to  the  ground,  increasing  for 
four,  ^YCy  or  seven  years,  till  a  kind  of  deluge  or  iand.flood,  which 
commonly  happens  in  that  space  of  time  throughout  those  parts^ 
breaks  them  loose,  and  launches  them  into  the  straits  or  ocean, 
where  they  are  driyen  about  by  the  Tariable  winds  and  currents  in 
the  months  of  June,  July,  and  August,  rather  increasing  than  di- 
minishing  in  bulk,  being  surrounded,  except  in  four  or  five  points 
of  the  compass,  with  smaller  ice  for  many  hundred  leagues,  and 
land  covered  all  the  year  with  snow,  the  weather  being  extremely 
cold,  for  the  most  part,  in  those  summer  months.     The  smaller  ice 
that  almost  fills  the  straits  and  bays,  and  covers  many  leagues  out 
into  the  ocean  along  the  coast,  is' from  four  to  ten  fathom  thick, 
and  chills  the  air  to  that  degree,  that  there  is  a  constant  increase  to 
the  large  isles  by  the  sea's  washing  against  them,  and  the  perpetual 
wet  fogs,  like  small  rain,  freezing  as  they  settle  on  the  ice;  and 
their  being  so  deeply  immersed  under  water,  and  such  a  small  part 
above,  prevents  the  winds  having  much  power  to  move  them  ;  for 
though  it  blows  from  the  north-west  quarter  near  nine  months  in 
twelve,  and  consequently  those  isles  are  driven  towards  a  warmer 
climate,  yet  the  progressive  motion  is  so  slow,  that  It  must  take  op 
many  years  bafore  they  can  get  five  or  six  hundred  leagues  to  the 
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•outliwMd ;  probftblj  tome  bnndreds  of  yetn  are  required ;  for 
tibey  cannot  well  disiolfe  before  they  come  between  tbe  6()tfa  aodi 
40tli  degree  of  latHnde,  where  the  heat  of  the  sun  consuming  the 
ipper  parti,  they  lighten  and  waste  in  time ;  jet  there  Is  a  perpe. 
tnal  iupply  from  tbe  northern  parts. 

iPkil.  Tram.  Jbr.  1742. 

SECTION    VII, 

Extraordinary  Degree  of  Cold  at  Glasgow,  in  January  l7S0j 
with  Experiments  and  Observations  on  the  Comparative 
Temperature  of  the  Iloar-froft  and  Air  near  it,  made  at 
Macfarlane  Observatory  belonging  to  the  College. 

By  Patrick  WiImd,  M.A. 

Om  Tuesday,  January  11,  1780,  there  was  a  slight  frost,  and, 

en  tbe  evening  of  that  day^  a  fall  of  snow  to  the  depth  of  twelve 

faicbes.   Next  day  the  cold  continued  to  increase,  but  so  gradually, 

fliat  at  fUD.set  Fahrenheit's  thermometer  pointed  only  to  32**.— 

Aboot  midnight,  a  very  accurate  thermometer,  hung  out  at  a  high 

north  window,  soon  after  pointed  to  0%     At  this  time  the  air  was 

very  itiU  and  serene,  and  the  barometer  stood  at  30  inches* 

Thursday  morning,  January  13,  thermometer  pointed  as  here 
annexed : 

At  six  o'clock  this  morning  Mr.  W. 
carried  the  thermometer  over  to  theOb. 
scrvatory  Park,  and  there  laid  it  down 
on  the  snow,  when  the  mercury  sunk 
to  13*  below  O. 

At  this  time  he  thought  It  unneces- 
sary to  stay  abroad  so  long  in  the  cold 
u  to  try  the  temperature  of  the  air  by 
hanging  up  the  thermometers,  especl. 

ally  as  he  imagined  that  this  had  been  done  more  readily,  and  as 
truly,  by  taking  the  degree  from  the  surface  of  the  sinow  which 
had  been  exposed  to  the  open  air  during  the  night :  but  reflecting 
afterwards  on  the  snow  at  the  observatory  being  so  much  below  0, 
the  greatest  cold  of  the  air  at  the  college,  and  having  on  other 
occasions  found  a  difference  of  only  4"*  at  most  in  air  at  these  two 
sUtions,  Mr.W.  was  led  into  a  suspicion  that  the  snow  might 
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perhaps  hare  been  so  far  cooled  down  by  an  e?aporatiM  at  tlio 
surface.  With  a  Tiew  to  this  opinion^  he  projected  the  experiment 
with  the  bellows  described  below,  by  which  he  was  not  withont 
expectations  of  producing  a  still  more  remarkable  fall  of  the  ther- 
mometer when  lying  on  the  snow.  All  the  afternoon  the  cold  was 
Tery  intense,  and  at  seTen  o'clock  at  ni{;ht  the  thermometer  at  the 
high  north  window  pointed  to  0.  At  eight  Mr.  W.  repaired  to  the 
observatory,  and  made  choice  of  a  station  at  a  sufficient  distance 
from  the  house,  and  to  the  windward,  as  a  light  air  was  felt  coou 
ing  from  the  east.  Here  he  laid  down  two  thermometers  on  the 
snow  with  their  balls  half  immersed,  and  hung  up  other  two  freely 
exposed  to  the  air  at  two  feet  and  a  half  above  the  surface.  In 
the  following  observations,  the  interruption  of  the  series  froin  2| 
to  6|  o^clock,  was  owing  to  an  accident  having  befallen  one  of 
the  thermometers  while  the  other  was  employed  in  the  trials,  of 
which  an  account  is  subjoined. 

Thursday  evening,  January  13,  the  two  thermometers  pointed 
at  the  degrees  below  0,  as  in  the  following  table,  at  the  timet 
annexed* 

Exper,  1.  At  half  past  one 
o'clock,  when  the  thermometer 
pointed  to  —  22%  the  snow  contigu. 
ous  to  the  ball  was  blown  on  for  two 
minutes  by  «  pair  of  haud*beUow8, 
held  with  the  pipe  nearly  horizon- 
tal,  and  half  a  foot  above  the  surface 
of  the  snow.  The  bellows  Had  been 
lying  out  on  the  snow  to  cool  from 
the  tim^  Mr.W.  first  came  oyer ; 
and,  in,  order  to  promote  their 
cooling,  they  were  now  and  then 
wrought  in  the  open  air.  Care  was 
also  taken  to  stand  to  leeward  of  the 
thermometer,  and  to  extend  the 
bellows  as  far  as  possible  from  the 
body  in  the  time  of  blowing.  He 
was  surprized  to  find  however, 
motwithstandiog  all  the  precautions. 
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(bat  (he  tlicrmoni«ter  at  (ha  end  of 

die  experiment  had  got  up  no  less 

(hao  10%  for  it  now  pointed  only 

(o— 12**.     In  (his  experiment  the 

nozzle  of  the  belloin  was  held  about 

six  inches  from  the  therraometpr« 

bat  (he  blast,  though  moderatei  frequently  drif(ed  away  the  mow^ 

from  the  ball. 

Exper.  2.  At  half  jpast  two  o'clock, 
a  bread-basket  was  filled  with  snow, 
taken  up  near  the  ground  at  4-  14% 
The  contents  ^eiog  relatively  so  warm, 
the  basket  was  placed  to  leeward  of  the 
common  station,  and  the  thermometer 
kid  on  the  surface  of  this  snow.  At 
the  several  hours  in  the  morning,  the 
thcr^iiometer  on  the  basket  pointed  as 
annexed,  tiz. 

Exper,  8.  At  four  in  the  morning, 
when  the  thermometer  in  the  basket  had 
got  down  to —  1'6','a  piece  of- thin  ^i 
plank  about  a  foot  square  was  laid  on 
the  snow,  on  which  was  placed  a  small 

plate  of  tin  which  accidentally  lay  at  hand*  On  this  was  laid  one 
of  the  thermometers  which  had  been  hanging  in  the  hir.  At  the 
several  times  it  pointed  as  annexed. 

During  the  whole  time  not  a  cloud  was  perceivable,  but  there 
was  a  fain  I  haze  in  the  air  when  viewed  towards  the  horizon* 
There  was  little  or  no  tremor  in  the  atmosphere,  which  made  the 
stars  shine  with  a  full  and  steady  light  like  that  of  the  planets. 
Many  of  the  town's  people,  who  had  thermometers  Uiung  out  at 
their  windows  in  different  parts  of  the  to^  n,  found  them  pointed 
several  degrees  below  0  at  nine  o'clock  in  the  morning.  On  (he 
afternoon  of  this  day,  January  14,  the  air  became  much  warmer, 
tod  the  barometer  had  now  fallen  4.lOths.  Next  day  a  thaw  came 
on,  and  continued  for  some  time* 
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As  th»  above  experiment  with 
the  bellows  faroiired  so  little  the 
opinion,  that  the  difference  of  tem- 
perature was  caased  by  evapora. 
tioq,  Mr.W,  wished  for  another 
opportunity  of  making  further  ex. 
periments,  and  of  inquiring  into  cir- 
cumstances still  more  attentiyely. 
A  good  occasion  offered  on  Satur- 
day,  January  22,  The  frost, 
which  before  this  time  had  again 
returned,  became  on  this  night  very 
keen ;  and  a  good  deal  of  the  for. 
mer  snow  yet  remaining  on  the 
ground,  the  following  observations 
and  experiments  were  made  at  the 
observatory,  viz.  on  Sunday  morn, 
ing  January  23,  at  the  several  hours 
the  two  thermometers  pointed  as  in 
the  annexed  table* 

Ejper.4.  This  night  instead  of  blowing  on  the  snow,  Mr.W« 
fanned  it  by  means  of  a  sheet  of  brown  paper  fitted  to  the  end  of  a 
long  slender  stick.  This  apparatus  was  previously  cooled  by  lying 
on  the  snow,  and  in  fanning  he  took  care  to  stand  to  leeward  of  the 
thermometer.  The  effect  was,  that  the  mercury  rose  nearly  to 
the  same  degree  giren  by  the  thermometer  in  air  at  the  same  tfane. 

Exper.  5.  At  |  past  one  o'clock,  when  the  thermometer  on 
the  snow  pointed  to  +  3°,  it  was  screened  by  two  sheets  of  brown 
paper  set  up  on  their  edges,  and  so  inclined  against  each  other  as 
to  stand.  The  paper  had  been  previously  cooled  by  lying  on  the 
snow.  At  f  I  the  thermometer  thus  sheltered  pointed  to  -4-  0*. 
This  experiment  was  afterwards  repeated  with  the  same  event. 

Exper.  0.  Mr.W.  next  went  up  to  the  leads  of  the  east  wing  of 
the  observatory.  Here  he  hung  a  thermometer  to  the  hook  of  a  long 
pole,  and  raised  it  in  the  air  about  twenty-four  feet  from  tho 
ground,  and  at  the  same  time  inclined  the  pole  over  the  ballustrade, 
•o  as  to  put  the  instrument  fully  to  windward  of  the  house.  Oo 
fnddealj  kweriog  the  pole,  after  half  an  hour,  and  examining  the 
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tfiennometer,  the  air  at  tliat  eleration  wu  fofind  to  bt  prettf  con« 
sUDtlj  4*  warmer  than  at  the  sution  below. 

Exper.  7.  The  result  of  this  trial  appeared  more  remarkable 
than  any  thing  which  had  hitherto  occurred.  M.  W.  lowered  the 
pole  till  the  thermometer  was  brought  down  within  lialf  a  foot  of 
the  balinstrade,  but  keeping  it  still  a  few  inches  to  windward  of 
the  bnlldings ;  and  by  this  means  it  was  found  that  the  air  here  was 
aerer  colder  than  -f-  10*".  On  the  ballustrade  there  happened  to 
be  sereral  detached  bodies  which  had  attracted  a  Tery  thick  hoar, 
frost.  When  the  thermometer  was  taken  off  the  hook  of  the  pote, 
and  laid  on  this  hoar.frost,  there  was  always  a  remarkable  fall  of 
the  mercary,  not  less  than  6*  •  In  shiftiog  the  instrument  from  the 
pole  to  tiie  ballustrade,  it  was  commonly  laid  on  some  hoar-frost  | 
ef  an  inch  deep,  which  had  settled  on  a  piece  of  thin  boiird  which 
had  been  for  years  exposed  to  the  weather.  Some  fragments  of  the 
hoar.froast  were  also  made  to  touch  the  upper  part  of  the  ball ; 
which  was  done  by  pushing  them  on  with  a  long  frozen  straw. 

Exper.  8.  When  the  therrooTne. 
ter,  taken  from  the  pole  as  in  last 
experiment,  was  laid  on  pieces  of 
stone,  from  which  the  hoar-frost 
bad  been  brushed  away  for  some 
time  before,  the  mercury  sunk  but 
Tery  little  by  such  a  change  of  situ, 
ation.  Next  night,  being  that  of 
Sunday  January  ^,  the  thermo. 
meters  were  placed  in  their  former 
station  below,  when  they  pointed  as 
annexed. 

From  these  obserrations  it  appears,  that  the  cold  now  was  rery 
moderate  when  compared  to  that  of  the  14th,  and  somewhat  more 
moderate  than  that  of  the  preceding  night.  Experiment  7th  was 
again  repeated  with  a  similar  result,  though  the  difference  of  tem- 
perature was  not  now  so  great.  This  night  Mr.W.  made  another 
experiment  with  a  view  to  the  eraporation,  not  so  liable  to  objec- 
tions  as  those  of  the  bellows  and  the  fan,  as  follows. 

Exper.  9.   When  the  thermometer  in  air  at  the  lower  station 
kad  contracted  a  considerable  film  of  frozen  matter  all  orer  the 
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ball,  it  was  swung  round  at  the  end  of  a  pack.thread,  about  a  jrard 
and  a  half  long.  On  stopping  the  motion  at  the  expiration  of  two 
minutes,  and  making  the  serrant  who  waited  approach  quickly 
with  a  lighted  candle,  he  found  the  mercury  had  got  up  2%  Ih 
this  experiment,  which  was  repeated  four  .times  with  the  same  ra* 
fult,  care  was  always  taken  to  keep  the  instrument  to  windward  of 
their  bodies,  and  of  the  lighted  candle. 

The  two  following  experiments  afford  some  grounds  for  belieT. 
ing  that  no  kind  of  cTaporation  was  going  on  at  the  time  the  re« 
markable  excess  of  cold  in  the  snow  and  hard  frost  was  obserred* 

Exper,  10.  On  Sunday  morning,  January  23,  before  one 
o*clock,  Mr.  W.  repeated  the  experiment  with  the  metal  speculum 
which  was  tried  here  in  1768.  A  large  spare  metal  of  a  2*foot 
telescope  was  laid  out  to  cool,  after  which  a  film  of  ice  was  impart- 
ed to  its  polished  surface  by  breathing  on  it  four  or  &7e  times,  ft 
was  then  exposed  as  before,  and  in  half  an  hour  the  whole  film 
disappeared  in  the  way  of  evaporation.  But  when  the  experiment 
was  again  repeated,  and  a  thicker  film  imparted,  some  of  this,  Uu 
wards  the  middle  of  the  speculum,  remained  fixed,  and  would  not 
go  off  after  long  exposure.  The  speculum  was  next  warmed^  and 
its  polished  surface  made  quite  clean,  and  then  laid  out  for  9-| 
hours.  Before  the  expiration  of  this  time  it  began  to  draw  frozen 
matter  from  the  air,  which  settled  all  over  the  polished  surface 
in  long  parallel  lines,  which  gradually  multiplied,  till  at  length  it 
was  mostly  covered  by  a  thin  film  resembling  a  spider's  web. 

The  evaporation  shewn  in  the  first  part  of  this  experiment  was 
probably  owing  to  the  speculum  not  having  been  sufficiently  cooled 
when  the  film  was  first  communicated  to  it  from  the  lungs,  and  to 
its  being  further  heated  by  that  very  operation.  In  the  2d  part 
of  the  experiment  the  evaporation  seems  to  have  stopped  when  the 
heat  in  the  metal  which  favoured  the  process  was  exhausted ;  that 
is,  when  the  speculum  had  arrived  at  the  temperature  of  the  am* 
bient  air ;  for  after  that,  no  heat  could  pass  from  the  metal  in  order 
to  contribute  to  the  evaporation.  But  from  the  last  part  of  the  ex. 
pcriment,  the  true  disposition  of  the  air  at  that  time,  relative  to 
bodies  as  cold  or  colder  than  itself,  seems  to  be  determined,  namely, 
that  of  giving  out  or  depositing  hoar.frost. 

Exper.  U.  On  Sunday  night,  January  23,  several  things  were 
laid  out  at  the  observatory,  such  as  sheets  of  brown  paper,  pieces 
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•f  boards,  platM  of  metal,  glasses  of  several  kinds,  &c.  which  all 
began  to  contract  hoar.frost  secmiDgly  as  soon  as  each  body  had 
tiiiie  to  cool  down  to  the  temperature  of  the  air.  The  sheets  of 
browB  paper,  being  so  thin,  acquired  it  soonest^  and  when  beheld  in 
candlelight  thcjr  became  beautifully  spangled  OTer  by  innomerablo 
reflactioQS  from  the  small  crystals  of  hoar-frost  which  had  parted 
from  tbe  air.  E? ident  symptoms  of  the  same  tendency  of  the  air 
to  deposit,  occurred  on  all  the  former  nights  of  observing,  bj 
whiob  the  tabes  of  the  thermometers  were  to  much  stained^  that  it 
reqaired  some  attention  to  keep  that  part  which  corresponded  to 
the  scale  qvite  clear. 

T)Mia  experiments  indeed  rather  favour  the  opinion  of  the  ez» 
eessjof  cold,  at  present  treated  of,  depending  on  a  principle  the 
Tery  reverse  of  eTsporation.  But  till  opportunities  offer  in  this, 
or  in  a  colder  climate,  of  making  more  experiments,  it  will  be  too 
early  to  say  any  thing  deciaire  concerning  the  nature  or  extent  of 
a  cooling  process,  which  has  so  recently  come  under  observation. 
All  that  can  at  present  be  affirmed  is,  that  in  certain  circumstances 
inch  a  process  goes  on,  and  that  it  depends  probably  on  principles 
difiere nt  from  evaporation  or  chemical  solution.  At  the  same  time 
some  of  the  experiments  show  that  a  free  communication  between 
the  hoar-froast  and  external  air,  perhaps  while  in  motion,  is  ne* 
cessary ;  but  in  what  manner  this  promotes  the  refrigeration  does 
not  as  yet  appear. 

It  would  be  going  too  far  were  we  to  conclude,  from  the  experi- 
ments related  above,  ^^  that  very  cold  air  is  never  disposed  to 
deposit  its  contents  except  on  bodies  as  cold  or  colder  than  itself." 
And  yet  that  this  is  frequently  the  case  seems  probable  from  a 
number  of  common  appearances.  We  often  find,  after  a  night  of 
frost,  the  slates  and  other  thinner  parts  about  a  house  whitened 
with  hoar-frost,  when  the  walls  and  more  solid  parts  of  the  build. 
ing  vemain  quite  free.  In  like  manner  the  smaller  branches  and 
twigs  of  trees  often  acquire  this  frozen  ornament,  when  tbe  main 
branches  and  trunk  remain  naked  for  a  long  time  ;  and,  in  gene- 
ral, any  thin  or  detached  body,  capable  of  being  easily  cooled,  at. 
taches  hoar-frost  the  soonest. 

In  favour  of  this  general  position,  the  following  remarkable  case 
lately  occurred.  Between  the  public  library  and  the  buildings  of 
the  new  court,  there  is  a  long  rail  composed  of  bars  of  cast  iron, 
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but  divided  into  two  parts  by  two  massy  stone  pillars,  which  sapporft 
the  iron  gate. way  that  leads  into  the  garden.  The  bars  are  about 
six  feet  high,  and  an  inch  square,  and  fastened  with  lead  into  a 
stone  parapet  below  in  the  usual  way,  A  few  bars  much  larger  are 
set  in  anioug  the  rest  at  regular  distances,  to  gtre  the  rail  more 
stability.  On  Sunday  morning,  February  13,  when  there  was  a 
slight  frost  accompanied  with  a  fog,  it  was  entertaining  to  obserre 
how  the  hoar-frost  had  settled  during  the  night  on  these  bars.  Very 
little  was  to  be  seen  on  the  flat  sides,  but  a  great  deal  on  the  aogles, 
by  which  means  from  the  top  downward  every  bar  was  garnished 
with  four  fringes,  which  made  the  whole  rail  look  rery  gay  and 
ornamental.  Running  the  eye  along  the  foot  of  the  bars  near  the 
parapet,  it  was  observed,  that  the  fringe  of  hoar-frost  on  the 
corners  stopped  short  about  twelve  inches  from  the  bottom,  and 
that  so  much  of  every  bar  was  entirely  free.  Two  bars  next 
the  house  and  two  next  the  library  were  likewise  perfectly  clear  of 
it  from  top  to  bottom.  One  bar  next  the  pillar  of  the  gate  was  qaka 
free,  and  the  second  had  contracted  but  little.  The  same  thing 
precisely  may  be  saic!  of  the  two  bars  coutlgaoiis  to  the  other  piU 
lar.  And  it  was  also  observed,  that  the  few  thicker  and  stronger 
bars  was  less  fringed  at  the  corners  and  were  quite  free  moch  fiu** 
ther  above  the  parapet  than  the  others* 

It  is  manifest,  that  during  the  night  the  air  surrounding  the  bars 
must  have  been  constantly  endeavouring  to  make  them  as  cold  as 
itself :  while  they,  on  the  other  hand,  resisted  this  chaage  by  draw- 
ing heat  from  every  neighbouring  source  which  offered  it,  namely, 
from  the  parapet,  from  the  pillars  to  the  middle,  and  from  the  pil- 
lars at  both  ends  immediate  adjoining  the  library,  and  to  the  house 
in  the  new  court :  for  these  bodies,  from  their  great  bulk,  mutt 
have  been  but  very  little  cooled  in  the  course  of  the  night.  Where^ 
ever  the  air  seems  to  have  got  the  better  in  this  struggle,  at  tl  tiie 
angles  of  the  bars,  which  evidently  must  be  the  parts  the  fOMeit 
cooled,  there  we  find  that  the  hoar.frost  was  deposited,  bat  no 
where  else* 

Several  other  instances  were  found  quite  of  the  same  kind  with 
that  of  the  rail.  Among  the  rest,  a  figure  of  a  unicorn  in  the 
stone,  which  stands  within  the  college,  had  resisted  the  attacks  of 
the  air  all  to  the  tip  of  his  horn,  which  accordingly  was  the  only 
part  distinguished  by  a  patch  of  hoar-frost.    Besides  this  kind  of 
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hoaiufrott  wkich  joined  itself  to  bodies  bj  a  regular  arrangemeDty 
there  was  some  of  a  different  sort  foond  on  the  uppermost  surface 
of  such  iiodies  as  were  fully  exposed  to  the  open  air.  But  this  aU 
VAJS  laj  scattered  like  rety  thin  flakes  of  meal,  or  hair-powder^ 
lod  was  found  to  proceed  from  minute  parts,  mostly  columnar, 
preftouslj  formed  in  the  air^  falling  down  by  their  own  gra? ity. 
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EVAPORATION. 


fVfi  found  reason  to  conclude,  in  the  preceding  chapter,  that 
the  water  of  the  atmosphere  exists  in  the  state  of  vapour.     We 
are  indebted  to  the  experiments  of  Saussure  and  Deluc  for  much 
of  our  knowledge  of  the  qualities  of  Tapour.     It  is  an  elastic 
ioTisible  fluid  like  common  air,  but  lighter  ;  bein^  to  common  air 
of  the  same  elasticity,  aecording  to  Saussure,  a<i  10  to  14,  or, 
according  to  Kirwan,  as  10  to  12.     It  cannot  pass  beyond  a  cer- 
tain maximum  of  density,   ifithout  a  corresponding  increase  of 
temperature,  otherwise  the  particles  of  >vater  which  compose  it 
unite  together,  and  form  small  Tisible  particles,  called  vesicular 
oapaur;  which  is  of  the  same  specific  gravity  with  atmospherical 
air.     It  is  of  this  Tapour  that  clouds  and  fogs  are  composed. 
This  maximum  increases  with  the  temperature;  and  at  the  heat 
of  boiling  water  Is  so   great,  that  steam  can    resbt  the    whole 
pressifre  of  the  air,  and  exist  in  the  atmosphere  in  any  quantity. 

WehaTe  seen  formerly,  that  when  water  is  heated  to  212%  it 
boils,  and  is  rapidly  conrerted  into  steam;  and  that  the  same 
change  takes  place  in  much  lower  temperatures  ;  but  in  that  case 
Che  eraporation  is  sloweri^d  the  elasticity  of  the  steam  is  smaller. 
As  a  Tery  considerable  proportion  of  the  earth's  surface  is  covered 
with  water,  and  as  this  water  is  constantly  evaporating  and  mixing 
with  the  atmosphere<|  in  the  state  of  vapour,  a  precise  deterroina« 
tion  of  the  rate  of  evaporation  must  be  of  great  importance  in 
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meteorolog^r.  Accordingly  many  experimentg  haye  been  made  to 
determine  the  point  by  different  philosophers.  No  i>ersun  has 
succeeded  so  completely  as  Mr.  Dalton.  But  many  curioas  par« 
ticulars  had  been  previously  ascertained  by  the  labours  of  Rich. 
man,  Lambert,  Wallerius,  Leidenfrost,  Watson,  Saussure,  Deluc, 
Kirwan,  and  others. 

1.  The  eraporation  is  confined  entirely  to  the  surface  of  the 
water:  hence  it  is  in  ail  cases  proportional  to  the  surface  of  the 
water  exposed  to  the  atmosphere.  IMuch  more  rapour  of  course 
rises  in  maritime  countries,  or  those  interspersed  with  lakes,  than 
in  inland  countries. 

2.  Much  more  yapour  rises  during  hot  weather  than  during  cold 
weather.  Hence,  the  quantity  evaporated  depends  in  some  mea* 
sure  upon  temperature.  The  precise  law  has  been  happily  dis* 
covered  by  Mr.  Dalton.  This  philosopher  took  a  cylindrical 
vessel  of  tin,  whose  diameter  was  3i  inches,  and  its  depth  2f 
inches;  filled  it  with  water,  add  kept  it  just  boiling  for  some 
time.  The  loss  of  weight  in  the  minute  was  30  grains,  when  the 
experiment  was  made  in  a  close  room  without  any  draught  of  air; 
35  grains  when  the  Tessel  was  placed  over  fire  in  the  usual  fire- 
place, there  being  a  moderate  draught  of  air,  and  the  room  close; 
40  with  a  brisker  fire,  and  a  stronger  draught;  and  when  the 
draught  was  very  strong,  he  supposes  the  eyaporation  might 
amount  to  60  grains  in  the  minute.  At  the  temperature  of  180% 
the  quantity  evaporated  was  |  of  what  was  lost  at  21%^. 

At  164  it  was  4  of  that  at  212^ 

152 1 

144 i 

138 1 

And  in  general  the  quantity  evaporated  from  a  given  surface  of 
water  per  minute  at  any  temperature,  is  to  the  quantity  evaporated 
from  the  same  surface  at  212°,  as  the  force  of  vapour  at  the  first 
temperature  is  to  the  force  of  vapour  at  212°.  Hence,  in  order 
to  discover  the  quantity  which  will  be  lost  by  evaporation  from 
water  of  a  given  temperature,  we  have  4t\y  to  ascertain  the  force 
of  vapour  at  that  temperature.  And  by  such  examination  we 
shall  see  that  the  presence  of  atmospheric  air  obstructs  the  evapo* 
ration  of  water ;  but  this  resistence  is  overcome  in  proportion  t« 
the  force  of  the  vapour. 
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3.  The  quant itj  of  Taponr  which  rises  from  water,  eTen  when 
the  temperatare  is  the  same,  varies  according  to  circumstances^ 
It  19  least  of  all  in  calm  weather^  greater  when  a  breeze  blows, 
and  greatest  of  all  with  a  strong  wind*  The  following  Table, 
drawn  op  by  Mr.  Dalton,  shows  the  qaantity  of  yapour  raised 
from  a  circalar  surface  of  six  inches  in  diameter  in  atmospheric 
temperatures.  The  first  column  expresses  the  temperature ;  the 
second,  the  corresponding  force  of  vapour ;  the  other  three  co« 
Inmos  give  the  number  of  grains  of  water  that  would  be  evapo* 
rated  from  a  surface  of  six  inches  in  diameter  in  the  respective 
temperatures,  on  the  supposition  of  there  being  previously  no 
aqueous  vapour  in  the  atmosphere.  These  columns  present  the 
extremes  and  the  mean  of  evaporation  likely  to  be  noticed,  or 
nearly  racb ;  for  the  first  is  calculated  upon  the  supposition  of  35 
grains  loss  per  minute  from  the  vessel  of  3^  inches  in  diameter ; 
the  seooDfl  45,  and  the  third  55  grains  j^er  minute*. 


Teaperaturr. 

Force  of  Vap. 
io  Inch. 

30 

Evaporating  Force  in  Grains. 

120 

i 

154 

189 

20 

•129 

•52 

•67    • 

•82 

21 

•134 

•54 

•69 

•85 

22 

•139 

•56 

•71 

•88 

23 

•144 

•58 

•73 

•91 

24 

•150 

•60 

•77 

•94 

25 

•156 

•62 

•79 

•97 

26 

•162 

•65 

•82 

1-J2 

27 

•168 

•67 

•86 

ro5 

28 

•174 

•70 

•90 

110 

29 

•180 

•72 

•93 

1-13 

30 

•186 

•74 

•95 

1^17 

31 

•193 

•77 

•99 

1-21 

32 

•200 

•80 

P03 

1-26 

33 

•207 

•83 

1*07 

1-30 

34 

•214 

•86 

l-ll 

1-35 

35 

•221 

•89 

1-14 

1-39 

3d 

•229 

•92 

M8 

1^45 

37 

•237 

•95 

1^22 

1-49 

38 

•245 

•98 

1-26 

1-54 

1         39 

•251 

ro2 

1^3l 

1-60 

1         40 

•263 

1-05 

1-35 

1'65 

♦  Mancheiter  Mcmoirc,  v.  584. 
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Tempcnlure. 
21  «• 

Force  or  V3|i. 
in  Inch. 

30 

ingFnirci 

nGmJm- 

120 

154 

189 

41 

•273 

1-OD 

1-40 

I-7I 

4% 

■283 

M3 

145 

I  78 

43 

•294 

118 

I-5I 

1-85 

44 

■305 

1-22 

r57 

P92 

45 

■316 

1-26 

1-62 

1-99 

4S 

■337 

1-31 

1^68 

2-06 

47 

■339 

1-36 

1-75 

2^IS 

48 

•351 

1-40 

P80 

2^20 

40 

•363 

1-45 

1-86 

2-28 

SO 

•375 

1-50 

1-92 

2-36 

61 

■388 

155 

1-99 

2-44 

52 

■401 

1-60 

2-06 

2-61 

53 

■415 

I  ■60 

■2- 13 

2-8 1 

64 

-429 

1-71 

2-20 

269 

56 

•443 

1^77 

2.28 

2-78 

56 

•458 

183 

2-35 

2-88 

57 

•474 

1-90 

2^43 

2-98 

58 

■480 

1-9S 

2-52 

3-08 

69 

■507 

2-03 

2-61 

3^19 

60 

■524 

2-10 

2^70 

3-30 

fil 

■542 

2-17 

2-79 

3^4l 

62 

•560 

2-24 

2-88 

s^5a 

BS 

■578 

2-31 

2-97 

3^fl3 

64 

-579 

2^39 

3  07 

3-76 

65 

-616 

2-46 

3^1fl 

3-87 

66 

-635 

2^54 

3-37 

3-99 

67 

■655 

2^62 

3-37 

4-12 

68 

■678 

2-70 

3-47 

4  24 

69 

■698 

^■79 

3-59 

4-38 

70 

■721 

2  88 

3-70 

4-53 

71 

-745 

2^98 

3  83 

4^68 

72 

■770 

308 

3-96 

4-84 

73 

■798 

318 

4-09 

5-00 

74 

•833 

3^2Q 

4-23 

5-17 

7& 

■851 

3^40 

4-37 

5-34 

76 

■880 

3-S2 

4-52 

5-53 

77 

■910 

3-65 

4^68 

5-72 

78 

■940 

3-76 

4-83 

6^91 

79 

■971 

»-88 

4-99 

fllO 

80 

1^00 

4  00 

5-14 

6-29 

81 

1-04 

4  16 

5^35 

6-54 

82 

1-07 

4^2S 

6  60 

6-73 

83 

MO 

4^40 

5-66 

6-91 

84 

1-14 

4-56 

5-86 

7-17 

85 

I^17 

4^68 

6-07 

7^46 
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4.  9ach  is  tbe  qnantitj.of  yapour  which  would  rise  in  different 
circaostaoces  on  the  supposition  that  no  rapour  prerionslj  exiited 
in  the  atmosphere.    Bat  this  Is  a  supposition  which  can  nerer  lie 
i^dniftted,  as  the  atmosphere  is  in  no  case  totallj  free  from  rapoor. 
It  has  been  shown   in  what  manner  the  force  of  the  vapouri 
exiiting  in  the  atmosphere,  may  be  detected  bj  the  use  of  Mr. 
Dalton's  Terj  simple  apparatus.     Now  when  we  wish  to  ascertain 
the  rate  at  which  CTaporation  is  going  on,  we  hare  only  to  find 
the  force  of  the  Tapour  already  in  the  atmosphere,  and  subtract  it 
from  the  force  of  ?apour  at  the  giren  temperature.    The  remainder 
giTes  us  the  actual  force  of  evaporation ;  from  which,  by  the 
Table,  we  readily  find  the  rate  of  eraporatlon.     Thus,  suppose  we 
wish  to  know  the  rate  of  eTaporation  at  the  temperature  59^. 
From  the  Table  we  see  that  the  force  of  ?apour  at  59^  is  0*5,  or 
^h  its  force  at  212^.     Suppose  we  find  by  trials  that  the  force  of 
the  Tapour  already  existing  in  the  atmosphere  is  0*25,  or  the  half 
of  -^th.     To  ascertain  the  rate  of  evaporation,  we  must  subtract 
the  0*95  from  0*5  ;  the  remainder  0*^  gives  us  the  force  of  eva* 
poration  required ;  which  is  precisely  one*half  of  what  it  would 
be  if  no  vapour  had  previously  existed  in  the  atmosphere. 

By  the  Table  we  see^  that  on  that  supposition  a  surface  of  sis 
inches  diameter  would  loose  one  grain  by  evaporation  per  miuute, 
instead  of  two  grains,  which  would  have  been  converted  into 
vapour  if  no  vapour  had  previously  existed  in  the  atmosphere.  If 
the  force  of  the  vapour  in  the  atmosphere  had  amounted  to  0*5, 
wlueh  is  equal  to  the  force  of  vapour  at  the  temperature  of  59^, 
in  that  case  no  vapour  whatever  would  rise  from  the  wator :  and  if 
the  force  of  the  vapour  already  in  the  atmosphere  exceeded  0*5, 
instfad  of  evaporation,  moisture  would  be  deposited  on  the  surface 
of  the  water. 

These  general  observations,  for  all  of  which  we  are  indebted  to 
Mr.Dalton,  account  in  a  satisfactory  manner  for  most  of  the 
anomalies  which  had  puzzled  preceding  philosophers ;  and  include 
mdcr  them  the  less  general  laws  which  they  had  discovered.  W« 
must  consider  the  discoveries  of  Mr.  Dalton  as  the  must  important 
additions  made  to  the  science  of  meteorology  for  these  many  years. 
5.  As  the  force  of  the  vapour  actually  in  the  atmosphere  is 
seldom  equal  to  the  force  of  vapour  of  the  temperature  of  the 
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atmosphere,  e?aporttion,  with  a  few  ezceptioni^  nay  be  con- 
sidered as  constantly  going  on. 

Various  attempts  have  been  made  to  ascertain  the  quantity 
e? aporated  in  the  course  of  a  year ;  but  the  difficulty  of  the  pro. 
blem  is  so  great,  that  we  can  expect  only  an  approximation 
towards  a  solution*  From  the  experiments  of  Dr.  Dobson  of 
Liverpool,  in  the  years  1772,  1773,  1774,  and  1775,  it  appears, 
that  the  mean  annual  evaporation  from  the  surface  of  water 
amounted  to  36*78  inches  *•  The  proportion  for  every  month  was 
the  following : 

Inches.  Inches. 

January. .•.1*50        ^    July • 5  11 

February 177  August 5*01 

March 2*64  September 3*18 

April 3-30  October 251 

May  ..•••« 4*34  November 1-51 

June.. ..4*41  December  ........  1*40 

Mr.  Dalton  found  the  evaporation  from  the  surface  of  water,  in 
one  of  the  driest  and  hottest  days  of  summer,  rather  more  than 
0*2  of  an  inch. 

If  we  believe  Mr.  VViHiams,  the  evaporation  from  the  surface  of 
land,  covered  with  trees  and  other-vegetables,  is  one.third  greater 
than  from  the  surface  of  water ;  but  this  has  not  been  confirmed 
by  other  philosophers.  From  his  experiments  +  it  appears,  that 
in  Bradford,  in  New  England,  the  evaporation  during  1772 
amounted  to  42*65  inches.  But  from  the  way  that  his  expert* 
roents  were  conducted,  the  amount  was  probably  too  great. 

From  an  experiment  of  Dr.  Watson,  made  on  the  2d  of  June 
1779,  after  a  month's  drought,  it  appears  that  the  evaporation^ 
from  a  square  inch  of  a  grass  plot,  amounted  to  1'2  grains  in  an 
hour,  or  28*8  grains  in  24  hours,  which  is  0*061  of  an  inch.  In 
another  experiment  after  there  had  been  no  rain  for  a  week,,  the 
heat  of  the  earth  being  110^,  the  evaporation  was  foond  almost 
twice  as  great,  or  =z  0*108  of  an  inch  in  the  day  {.  The  mean  of 
these  two  experiments  is  0*084  inches,  amounting  for  the  whole 

*  Phil.  Trans,  vol.  I xvii.— Dalton,  Manchester  Memoiniy  ▼.  S58. 

+  Trans.  Philad.ii.  135. 
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OKMith  of  June  to  S*M  iaclies.  If  we  supposo  IMm  to  betr  tho 
Mine  proportion  to  the  whole  year  that  tho  e?apbratioB  io  Dr^, 
XXibson's  experiments  for  June  do  to  the  annoal  eraporaUoo,  we 
shall  obtain  an  annnal  evaporation  amonoting  to  about  n  inches. 
This  if  mnch  smaller  than  that  obtained  by  Mr.  Williams.  But 
Dr.  Watson's  method  was  not  susceptible  of  precision.  He  coU 
looted  the  vapour  raised  on  the  inside  of  a  drinking-glass ;  but  it 
was  imposnble  that  the  glass  could  condense  much  more  than  one 
half  of  what  did  rise,  or  would  have  been  raised,  in  other  cir* 
cumstances.  But  to  counterbalance  this,  the  experiments  were 
made  in  the  hottest  part  of  the  day,  when  much  more  vapour  is 
raised  than  during  any  other  part  of  it. 

The  most  exact  set  of  experiments  on  the  evaporation  from 
earth  was  made  by  Mr.  Dalton  and  Mr.  Iloyle  during  1795  and 
the  two  succeeding  years.  The  method  which  they  adopted  was 
this.  Having  got  a  cylindrical  vessel  of  tinned  iron,  10  inches  in 
diameter,  and  three  feet  deep,  there  wefe  inserted  into  it  two 
pipes  tamed  downwards  for  the  water  to  run  off  into  bottles :  Tlio 
one  pipe  was  near  the  bottom  of  the  vessel ;  the  other  was  an  inch 
from  (he  top.  The  vessel  was  filled  up  for  a  few  inches  with  gravsl 
and  sand,  and  all  the  rest  with  good  fresh  soil.  It  was  then  put 
into  a  hole  in  the  ground,  and  the  space  around  filled  up  with 
earth,  except  on  one  side,  for  the  convenience  of  putting  bottles 
to  the  two  pipes ;  then  some  water  was  poured  on  to  sodden  the 
earth,  and  as  much  of  it  as  would  was  suffered  to  run  through 
without  notice,  by  which  the  earth  might  be  considered  as  8atu« 
rated  with  water.  For  some  weeks  the  soil  was  kept  above  the 
level  of  the  upper  pipe,  but  latterly  it  was  constantly  a  little  below 
it,  which  precluded  any  water  running  ofi"  through  it.  For  tho 
first  year  the  soil  at  top  was  bare;  but  for  the  two  last  years  it 
was  covered  with  grass  the  same  as  any  green  field.  Things  being 
thus  circumstanced,  a  regular  register  was  kept  of  the  quantity  of 
rain-water  that  ran  off  from  the  surface  of  the  earth  through  the 
upper  pipe  (whilst  that  took  place}^  and  also  of  the  quantity  of 
that  which  sunk  down  through  the  three  feet  of  earth,  and  ran  out 
through  the  lower  pipe.  A  rain-guage  of  the  same  diameter  was 
kept  close  by  to  find  the  quantity  of  rain  for  any  corresponding 
time.  The  weight  of  the  water  which  ran  through  the  pipes  being 
aubtracted  from  the  water  in  the  rain^uage,  the  remainder  was 
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considered  at  the  weight  of  the  water  evaporated  from  the  earth  is 
the  TesseL  The  following  Table  exhibits  the  mean  annual  retail 
of  these  experiments^. 


Water  through  the  two  Pipes. 
Inch.            Inch.            Inch. 
1796.             1797.            1798. 

Mean  Inch. 

Mc«n 
Raio 
Inch. 

Mrao 
Evap. 
IncD. 

lannary  1-897—      -680—     1^774+ 
Feb....  1-778—      -918—     1-122 
March..     -431—       -070—       -335 
ApriL.      -220~       -295—       -180 
May. ...  2-027-     2*443+       •OlO 

Jnne....    •171—       ^726         

July....    -153 —       ^025          

August.  '504 

Sept....   ^976         

October    "680         

Nov....   1-044         1-594 

Dec...     -200         3-077         1-878+ 

1-450+ 
1-273 

•279 

•232 
1-493+ 

•299 

•050 

•168 

-325 

•227 

•879 
1-718+ 

2-458 

1-801 

•902 

1-717 
4*177 
2-483 
4-154 
3-554 
3-279 
2^899 
2-934 
3-202 

1-008 
«52d 
•623 
V4SS 
2-684 
2-184 
4*096 
3-386 
2-954 
2-672 
2055 
1-484 

6-877—  10-934—     7-379 
Rain..  30-629—  38-791—  31-259 

8-402 

33-560 

25-158 

Erap. .  23-725—  27^857-  23-862 

From  these  experiments  it  appears,  (hat  the  quantity  of  vapour 
raised  annually  at  Manchester  is  about  25  inches :  if  to  this  we 
add  fire  inches  for  the  dew,  with  Mr.  Dal  ton ,  it  will  make  the 
annual  evaporation  30  inches.  Now  if  we  consider  the  situation 
of  England,  and  the  greater  quantity  of  vapour  raised  from  water, 
it  will  not  surely  be  considered  as  too  great  an  allowance  if  we 
estimate  the  mean  annual  evaporation  over  the  whole  surface  of 
the  globe  at  35  inches.  Now  35  inches  from  every  square  inch  on 
the  super6cies  of  the  globe  make  94,450  cubic  miles,  equal  to  the 
water  annually  evaporated  over  the  whole  globe. 

Were  this  prodigious  mass  of  water  all  to  subsist  in  the  atmo. 
sphere  at  onee^  it  would  increase  its  mass  by  about  a  twelfth,  and 
raise  the  barometer  nearly  three  inches.  But  this  never  happens  ; 
no  day  passes  without  rain  in  some  part  of  the  earth  ;  so  that  part 
of  the  evaporated  water  is  constantly  precipitated  again.  Indeed 
it  would  be  impossible  for  the  whole  of  the  evaporated  water  to 
anbslst  in  the  atmosphere  at  once,  at  least  in  the  state  of  vapour. 


«  Manchester  Memoin,  v.  p.  360. 
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The  Uglier  regioni  of  the  atmosphere  eontain  leie  Tapovr  than 

Aft  strata  near  the  tiurface  of  the  earth.    Thit  was  obierved  both 

bj  Sau^ore  aod  Deloc,  who  meations  sereral  striking  prooft  of  it. 

At  -some  height  above  the  tops  of  mountains  the  atmosphere  is 

probably  still  drier;  for  it  was  obserred  both  by  Saussure  and 

Delocy  that  on  the  tops  of  mountains  the  moibture  of  the  air  was 

iither  less  during  the  night  than  the  day.     And  there  can  be  little 

doubt  that  erery  stratum  of  air  descends  a  little  lower  during  the 

ai^t  than  it  was  during  the  day,  owing  to  the  cooling  and  am* 

tesing  of  the  stratum  nearest  the  earth.     Vapours,  howt^Ter^ 

molt  ascend  rery  high,  for  we  see  clouds  forming  far  abore  the 

tops  of  the  highest  mountains. 

IThomsonU  Chem.'] 

m 
J 

The  exact  cause  of  eraporation,  howeyer,  is  still  doubtfuL 
The  chief  theories  are  those  of  vesicular  vapour ;  solution  in  air; 
dectricity.  Richman,  in  the  St.  Petersburgh  Memoirs,  thinks  the 
mporation  nearly  in  proportion  to  the  temperature.  Franklin 
cosceives  that  evaporation,  properly  so  called,  b  a  solution  of 
witer  in  air,  but  that  water  or  dust  may  be  supported  in  the  air 
by  adhesion.  Phil.  Trans.  1765.  Desaguliers  believes,  that  va. 
pour  may  be  raised  by  electric  attraction  in  the  air.  lie  makes 
the  specific  gravity  of  steam  tt^tht)  ^^oia  observations  by  Beightou 
lod  himself;  or  tttst  ^^^^  Nieuweutyt's  experiments  on  the 
^lipile :  and  hence  infers,  that  vapour  in  summer  heat  should  be 
■boat  a  0^1  ^^  dense  as  water,  and  should  therefore  float  in  air. 
Bat  from  his  own  experiments  the  specific  gravity  should  be  about 
fife  times  as  great. — Phil,  Trans.   Rep,  of  Arts. 

£fles,  Phil.  Trans  1776,  contends  against  the  existence  of  vesi. 
enlar  vapour,  in  fafour  of  electrical  atmospheres.  Mooge 
espoused  the  same  side  of  the  question  :  as  did  Eason,  Manch. 
Mem.  i.  395.  Darwin,  in  remarkiiig  on  iCelos^s  opinions,  Phil. 
Trans.  1757,  supposes  that  the  particlrs  of  vapour  are  real  steam, 
but  incapable  of  communicating  their  heat,  perhaps  on  account  of 
some  motion.  Hamilton  obj*  cts  both  to  vesicles  and  to  fixed  fire, 
and  maintains  the  doctrine  of  solution  in  air.     Phil.  Trans.  1765. 

Deluc,  Phil.  Trans.  179i,  maintains  that  vapour  exbts  in  air 
precisely  as  in  a  vacuum,  the  distance  at  which  its  particles  can 
remain  without  uniting  with  each  other  being  determiirf^d  only  by 
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the  teroperatare,  and  not  being  affected  by  the  interposition  of 
air.  Wernon«  in  Mem.  Goth.  ti.  1.  opposes  Deluc's  theory  :  and 
both  has  ascertained,  by  many  experiments,  that  the  pressure  of 
air  is  indifferent  to  the  quantity  of  vapour. 

Professor  Parrot  considers  the  moisture  contained  in  air  «i 
existing  in  two  distinct  states,  of  chemical  and  of  physical  ya* 
pour :  he  thinks  the  chemical  vapour  is  sustained  merely  by  tlie 
oxygen  gas  contained  in  the  air,  and  that  it  is  precipitated  in  cod. 
sequence  of  the  diminution  of  the  oxygen  ;  and  the  physical  vaponr 
he  supposes  to  be  merely  interposed  between  the  interstices  of  the 
elastic  particles  of  air,  and  retained  in  its  situation  by  heat :  that 
the  chemical  solution  of  water  or  ice  resembles  oxidation,  but  that 
no  physical  eTaporation  can  take  place  under  the  freezing  point. 
Mr.  Parrot  builds  his  theory  prinripally  on  eudiometrical  experi. 
meuts  with  phosphorus,  which  are  attended  with  a  copious  preci- 
pitation, while  the  absorption  of  oxygen  seems  also  to  be  much 
accelerated  by  the  presence  of  water ;  but  these  experiments  do 
not  appear  to  be,  by  any  means,  decibive  in  favour  of  Mr.  Parrot's 
theory.  The  same  paper  contains  a  proposal  for  inoculating  the 
clouds  with  thunder  and  lightning,  by  projecting  a  bomb  to  a  suffi* 
cieut  height. 

Ilallcy  calculated  that  the  evaporation  of  the  Mediterranean  in 
a  summer's  day  is  5280  million  tuns,  and  that  the  nine  principal 
rivers  furnish  only  1827  millions.  But  the  experiment  on  evapo. 
ration  was  made  on  a  surface  too  small  for  the  comparison. 

The  quantity  of  Invisible  moisture,  contained  in  air,  may  lie,  ia 
some  degree,  estimated  from  the  indications  of  hygrometers,  al- 
though these  instruments  have  hitherto  remained  in  a  state  of  great 
imperfection.  A  sponge,  a  quantity  of  caustic  potash,  or  of 
sulphuric  acid,  or  a  stone  of  a  peculiar  nature,  has  sometimes 
been  employed  for  determining  the  degree  of  moisture  of  the  air, 
from  which  it  acquires  a  certain  augmentation  of  its  weight.  A. 
cord*dipped  in  brine,  or  the  beard  of  an  oat,  is  also  often  used 
for  the  same  purpose :  the  degree  in  which  it  untwists,  from  the 
effect  of  moisture,  being  shown  by  an  index.  But  the  extension  of 
a  hair,  or  of  a  slip  of  whalebone,  which  have  been  employed  by 
Saussure  and  Deluc,  appear  to  be  more  certain  and  accurate  in 
their  indications.  The  air  hygrometer  acquires  more  speedily  the 
degree  correspjnding  to  any  given  state  of  the  air,  but  it  seems  ta 
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reach  the  almost  extent  of  its  scale  before  it  arrites  at  perfect 
humidity ;  while  the  whalebone  hygrometer  appc*ars  to  express  a 
greater  change  upon  immersion  in  water  than  from  the  effect  of 
the  moistest  transparent  air,  which  has  also  been  considered  by 
some  as  an  imperfection.  Both  these  instruments  are  impaired  by 
time,  and  acquire  contrary  errors,  so  that  a  mean  between  both  ia 
more  likely  to  be  correct  than  either  separately.  Their  indica* 
tioos  are  at  all  times  widely  different  from  each  other,  and  the 
mean  appears  to  approach  much  nearer  to  a  natural  scale  thaa 
either  of  them. 

Editoa« 
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rORMATlON  AND  NATURE  OF  DCW,  Ml.sT,  FOGS| 
CLOUDS,   RAIN,  SNOW,  AND  HAIL. 


SECTION  I. 

General  Remarks, 

VV  ii£N  visil^e  vapour  has  been  deposited  from  transparent  air,  by 
means  either  of  cold  or  of  somp  other  cause,  it  generally  remains  for 
some  time  suspended,  in  the  form  of  a  mist  or  of  a  cloud  :  some* 
times,  however,  it  appears  to  be  at  once  deposited  on  the  surface 
of  a  solid,  in  the  form  of  dew  or  of  hoar  frost ;  for  it  is  not  pro* 
bable  that  the  chrystallized  form,  in  which  hoar  frost  is  arranged, 
can  be  derived  from  the  union  of  the  particles  already  existing  in 
the  air  as  distinct  aggregate!*. 

The  dew,  which  is  commonly  deposited  on  vegetables,  is  partly 
derived,  in  the  evening,  from  the  vapours  ascending  from  the 
heated  earth,  since  it  is  then  found  on  the  internal  surface  of  a 
bell  glass ;  and  towards  the  morning,  from  the  moisture  descend- 
ing from  the  air  above,  as  it  begins  to  cool.  Sometimes,  however, 
in  wanner  weather,  the  dew  begins  to  descend  in  the  evening ; 
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thit  the  Freoch  call  serein :  the  humidity  deposited  by  mists  oil 
trees,  and  by  moist  air  on  windows,  generally  within,  bot  some- 
times without,  they  call  givre. 

It  is  well  known  that  dew  is  often  deposited  on  glass,  when 
metals  in  its  neighbourhood  remain  dry ;  Mr.  Pre?ost  has  how- 
ever discovered  some  new  and  curious  facts  relative  to  this  deposit 
tion.  When  thin  plates  of  metal  are  fixed  on  pieces  of  glass,  it 
sometimes  happens  that  they  are  as  much  covered  with  dew  as  the 
glass  itself:  but  more  frequently  they  remain  dry  ;  and  in  this  case 
they  are  also  surrounded  by  a  dry  zone.  But  when  the  other  side 
of  the  glass  is  exposed  to  dew,  the  part  which  is  opposite  to  the 
metal  remains  perfectly  dry.  If  the  metal  be  again  covered  with 
glass,  it  will  lose  its  effect  in  preventing  the  deposition. 

These  experiments  may  be  very  conveniently  made  on  the  glass 
of  a  window,  when  moisture  is  attaching  itself  to  either  of  its 
surfaces;  Mr.  Prevost  remarks  that  it  often  happens  that  dew  is 
deposited  externally,  even  when  the  air  within  b  warmer  thaa 
without.  A  plate  of  metal  fixed  internally  on  the  window  recelTes 
a  larger  quantity  of  moisture  than  the  glass,  while  the  space  o|W 
posite  to  an  external  plate  remains  dry :  and  if  the  humidity  is 
deposited  from  without,  the  place  opposite  the  internal  plate  is 
also  more  moistened,  nhile  the  external  plate  remains  dry:  and 
both  these  circumstances  may  happen  at  once  with  the  same  result. 
A  small  plate  fixed  externally,  opposite  to  the  middle  of  the  inter- 
nal  plate,  protects  this  part  of  the  plate  from  receiving  moisture^ 
and  a  smaller  piece  of  glass,  fixed  on  the  external  plate,  produces 
again  a  central  spot  of  moisture  on  the  internal  one  :  and  the  same 
changes  may  be  continued  for  a  number  of  alternations,  until  the 
whole  thickness  becomes  more  than  half  an  inch.  Gilt  paper, 
with  its  metallic  surface  exposed,  acts  as  a  metal,  but  when  the 
paper  only  is  exposed,  it  has  no  eflect.  When  a  plate  of  metal, 
on  which  moisture  would  have  been  deposited,  is  fixed  at  a  small 
distance  from  the  glass,  the  moisture  is  transferred  to  the  surface 
of  the  glass  immediately  under  it,  without  affecting  the  metal:  if 
this  plate  is  varnished  on  the  surface  remote  from  the  glass,  the 
effect  remains,  but  if  on  the  side  next  the  glass,  it  is  destroyed. 
The  oxidation  of  metals  renders  them  also  unfit  for  the  experi- 
ment. When  glasses  partly  filled  with  mercury,  or  even  with 
water,  are  exposed  to  the  dew,  it  is  deposited  only  on  the  parts 
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wbicb  ftre  ftbore  the  surface  of  the  fluid.     But  in  all  cases  when 
the  hmnidity  is  too  copious,  the  results  are  confused. 

In  order  to  reduce  these  facts  to  some  general  laws,  Mr.  Prevost 
observes,  that  when  the*metal  is  placed  on  the  warmer  side  of  the 
ghis,  the  humidity  is  deposited  more  copiously  either  on  itself  or 
OB  either  surface  of  the  glass  in  its  neighbourhood :  but  that,  when 
it  is  on  the  colder  side,  it  neither  receives  humidity  nor  permits  its 
deposition  on  the  glass  :  that  a  coat  of  glass,  or  varoish,  destroys 
the  efficacy  of  the  metal,  but  that  an  additional  plate  of  metal  re- 
ttores  it. 

Mr.  Provost  was  at  first  disposed  to  attribute  these  phasnomena 
to  the  effects  of  electricity,  but  he  thinks  it  possible  to  explain 
tbem  all  by  the  action  of  heat  only  :  for  this  purpose  he  assumes, 
first,  tiiat  glass  attracts  humidity  the  more  powerfully  as  its  tempe* 
ratire  is  lower ;  secondly,  that  metals  attract  it  but  very  little  ; 
thirdly,  that  glass  exerts  this  attraction  notwithstanding  the  inter- 
position of  other  bodies ;  and  fourthly,  that  metals  give  to  glass, 
plaoed  in  their  neighbourhood,  the  power  of  being  heated  by  warm 
or,  and  being  cooled  by  cold  air,  with  greater  rapidity  i  hence  that 
the  temperature  of  the  glass  approaches  more  nearly  to  that  of  the 
air  on  the.side  opposite  to  the  metal,  and  attracts  the  humidity  ac« 
oordingly  more  or  less,  either  to  its  own  surface,  or  to  that  of  the 
■etal«  We  should  indeed  have  expected  a  contrary  effect ;  that 
the  metal  wonld  rather  have  tended  to  communicate  to  the  glass  the 
tenperatDre  of  the  air  on  its  own  side :  but  granting  that  the  as* 
iBBptions  of  Mr.Pr^fost  serve  to  generalise  the  facts  with  acco. 
racy,  their  temporary  utility  is  as  great  as  if  they  were  fundamen* 
taJly  probable. 

Hence  dew  is  perhaps  nothing  more  than  a  portion  of  the  vapour 
formerly  suspended  in  the  atmosphere,  condensed  by  means  of  the 
eold  of  the  evening.  It  has  been  observed  with  surprise  that  when 
t  number  of  bodies  are  exposed  together  to  the  dew,  some  are  quite 
wetted  with  it  while  others  remain  dry.  This  circumstance  pre. 
bahiy  depends  upon  the  goodness  of  the  body  as  a  conductor  of 
heat  Good  conductors  will  part  with  their  heat  more  readily,  and 
will  therefore  evaporate  the  dew  again,  whereas  it  will  remain  upon 
bid  conductors,  which  will  not  so  easily  part  with  their  heat. 
If  this  explanation  be  the  true  one,  it  follows  that  bodies  exposed 
to  the  dew  and  dry,  must  have  a  lower  temperature  than  those 
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than  twe-thirds  as  mach  rain  as  ano[ther  standing  on  the  groood  be* 
low :  and  the  effects  of  mountains  in  collecting  rain  are  periiaps 
chiefly  deriTed  from  the  ascending  currents  which  they  occasioA| 
and  by  which  the  air  saturated  with  moisture  is  carried  to  a  higher 
and  a  colder  region. 

The  Abyssinian  rains  are  the  causes  of  the  inundation  of  the 
Nile ;  they  last  from  April  to  September ;  but  for  the  first  three 
months  the  rain  is  only  in  the  night.  The  inundation ,  in  Egypt, 
begins  at  present  about  the  17th  of  June  ;  it  increases  for  forty 
days,  and  subsides  in  the  same  time  ;  but  the  ancient  accounts^  aa 
well  as  some  modern  ones,  assign  a  longer  dnration  to  it.  The 
river  Laplata  rises  and  falls  at  the  same  times  as  the  Nile.  The 
Ganges,  the  Indus,  the  Euphrates,  the  river  of  Ava  or  Pegu,  and 
many  other  large  rivers,  have  also  considerable  inundations  at  regn* 
lar  periods.  In  many  other  countries  there  are  seasons  at  which 
the  rains  seldom  ft^il  to  recur  ;  and  sometimes  the  periodical  rains 
are  different  in  different  parts  of  the  same  country.  Thus  the  coast 
of  Malabar,  which  is  to  the  west  of  the  Gate  mountains,  or  Gaots, 
enjoys  summer  weather,  without  rain  from  September  to  April, 
while  that  of  Coromandel,  which  rs  on  the  eastern  side,  ezpertences 
all  the  rigours  of  its  winter ;  being  at  this  time  exposed  to  the  in. 
fluence  of  the  north  east  trade  wind.  Vicissitudes  of  a  similar  na» 
ture  are  also  observed  on  the  north  and  south  sides  of  the  island  of 
Jamaica. 

[^IToung,  Thomson.  PhiL  Trans, 

It  haa  been  a  matter  of  great  contest  among  philosophers  by 
which  meant  water,  which  is  nearly  nine  hundred  times  heanar 
than  air,  can  be  rendered  capable  of  ascending  into  the  aerial  re. 
gions.  Descartes  accounted  for  it  by  supposing  that  by  the  action 
of  solar  heat  upon  a  sheet  of  water,  its  superficial  particles  are 
formed  into  little  hollow  spheres,  and  become  filled  with  the  ifio. 
teria  subtllis  of  space,  on  a  minute  substance  not  unlilie  the 
primal  atoms  of  Lucretius,  and  which  Des  Cartes  conccifed  to  be 
frequently  employed  in  the  formation  of  clouds.  The  particle!  of 
water  thus  filled,  must  necessarily,  it  was  added,  from  the  superior 
levity  of  the  substance  they  envelop,  ascend  through  the  ambient 
air  till  they  attain  their  proper  level. 

The  theory  of  Dr.  Ualley  was  not  very  dilTerenf,  varying  alone 
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Ml  Che  lopposition  that  the  detached  and  asceadiog  Tesicles  of  wa« 
fer  Are  impregnated  with  highly  rarefied  air,  initead  of  with  the 
nbtle  ether  of  Des  Cartes. 

But  the  hypothesis  now  generally  admitted  is  that  of  solntion 
irst  of  all  adyanced  by  the  Abb£  Nollet,  in  his  Legonf  de  Physique 
Eiperimeniale,    Water  and  air,  it  itf  contended,  haTe  a  mntnal 
power  of  dissolf ing  each  other ;  and  air  is  not  more  frequently  ex- 
tricated from  the  former  than  water  is  from  the  latter.     The  lower 
part  of  the  atmosphere  being  pressed,  then,  by  the  weight  of  the 
incumbent  column  on  the  surface  of  the  water,  and  perpetually 
rnbbiDg  against  it,  attracts  and  dissolres  those  particles  with  which 
it  is  in  contact  and  separates  them  from  the  rest  of  the  water.    The 
iqneous  particles  thus  detached,  and  absorbed  by  the  lower  co. 
Inmn  of  air,  are,  next,  still  more  forcibly  attracted  by  the  superior 
ID  consequence  both  of  its  being  drier,  and  possessing  ampler  pores 
to  receire  the  dissolred  Tapour.      When  the  aqueous  particles 
attain  a  certain  degree  of  eleyation,  the  coldness  of  the  atmosphere 
condenses  them,  and  they  coalesce  into  particles  of  a  larger  dia. 
■eter,  and  gradually  produce  the  phenomenon  of  a  clouo.    When 
the  particles,  of  which  such  cloud  consists,  are  more  closely  com. 
pscted,  either  by  the  mutual  attraction  of  cohesion,  or  the  external 
pressure  of  the  wind  against  it,  they  run  into  drops  sufficiently 
ponderous  to  descend  in  the  form  of  rain.     If  the  cloud  become 
frozen  by  any  current  of  cold  air,  before  its  particles  are  formed 
into  drops,  small  fragments  of  them  being  condensed,  and  conse. 
quently  increased  in  weight,  will  detach  themselves  from  the  general 
mass,  and  fall  down  in  thin  flakes  of  snow.     If  its  particles  have 
coalesced  into  drops  prior  to  its  being  frozen,  these  drops  will  then 
descend  in  the  form  of  uAiL^slones:     And  when  the  lower  air  is 
replete  with  aqueous  vapour  dissolved  in  its  pores,  and  a  sudden 
current  of  cold  wind  brushes  through  it,  producing  the  natural  fri. 
gidity  of  the  superior  atmosphere,  a  mist  or  fog,  which  is  only  a 
kind  of  inferior  cloud,  is  immediately  created ;  and  as  suddenly 
sgain  dispersed  on  the  return  of  the  natural  warmth  of  the  air, 
which  then  re-dissolves,  to  invisible  minuteness,  the  vapoury  par* 
tides.     In  like  manner  i>Yyfmdrop9  may  be  regarded  as  a  species 
of  inferior  rain,  the  cold  attaching  the  dissolved  vapours  of  the 
lower  atmosphere,  being  either  more  intense  than  in  the  case  of 
fogs,  or  continued  for  a  greater  length  of  time. 

[Good's  Tran$»  of  Lucretius.  Note  on  Book  vl.  467. 
vol..  IV.  L 
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Rain  neTer  begins  to  fall  while  the  air  is  transparent :  the  inTf- 
sible  vapours  first  pass  their  maximum,  and  are  changed  into  feA 
cular  Tapours ;  clouds  are  formed,  and  these  clouds  gradaally 
dissoWed  in  rain.  Clouds,  however,  are  not  formed  in  alt  parts  ol 
the  horizon  at  once  ;  the  furmation  begins  in  one  particular  spot, 
while  the  rest  of  the  air  remains  clear  as  before :  this  cloud  rapidlj 
increases  till  it  overspreads  (he  whole  horizon,  and  then  the  rata 
begins. 

It  is  remarkable,  that  though  the  greatest  quantity  of  vapouri 
exist  in  the  lower  strata  of  the  atmosphere,  clouds  never  begin  to 
fomo  there,  but  always  at  some  considerable  height.  It  is  remark* 
able,  too,  that  the  part  of  the  atmosphere  at  which  they  form,  hai 
not  arrived  at  the  point  of  extreme  moisture,  nor  near  that  pointf 
even  a  moment  before  their  formation.  They  are  not  formed^ 
then,  because  a  greater  quantity  of  vapour  had  got  into  the  atmo* 
sphere  than  could  remain  there  without  passing  its  maximnm.  It 
is  still  more  remarkable,  that  when  clouds  are  formed,  the  tempt. 
rature  of  the  spot  in  which  they  are  formed  is  not  always  lowered, 
though  this  may  sometimes  be  the  case.  On  the  contrary,  tti 
heat  of  the  clouds  themselves  is  sometimes  greater  than  that  ol 
the  surrounding  air*.  Neither,  then,  is  the  formation  of  cloiidl 
owing  to  the  capacity  of  air  for  combining  with  moisture  being 
lessened  by  cold ;  so  far  from  that,  we  often  see  clouds^  which  had 
remained  in  the  atmosphere  during  the  heat  of  the  day,  disappear 
in  the  night,  after  the  heat  of  the  air  was  diminished* 

The  formation  of  clouds  and  rain,  then,  cannot  be  acoounted 
for  by  the  principles  with  which  we  are  acquainted.  It  is  neithei 
owing  to  the  saturation  of  the  atmosphere,  nor  the  diminution  ol 
beat,  nor  the  mixture  of  airs  ol  different  temperatures,  as  Dr.  Hut 
ton  supposed ;  for  clouds  are  often  formed  without  any  wind  at  all 
either  above  or  below  them  ;  and  even  if  this  mixture  constantly 
took  place,  the  precipitation,  instead  of  accounting  for  rain,  would 
be  almost  imperceptible. 

It  is  a  very  remarkable  fact,  that  evaporation  often  goes  on  for  a 
month  together  in  hot  weather  without  any  rain.  This  sometimei 
happens  in  this  country ;  it  happens  every  year  in  the  torrid  zone. 
Thus  at  Calcutta,  during  January  1785,  it  never  rained  at  allt: 
the  mean  of  the  thermometer  for  the  whole  month  was  66^  degrees- 

^ • 

•  !>•  Luc  wr  la  MettoroU  iU  100*       t  Asiatic  Reiearchex^  ? ol.  il.  Appendix, 
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HMre  was  no  high  wiod,  and  indeed  daring  great  part  of  the  month 
little  wind  at  all. 

The  qaantitjr  of  water  eraporated  daring  snch  a  drought  must 
be  vor/  great;  yet  the  rooistare  of  the  air,  instead  of  being  in- 
creased, is  constantly  diminishing,  and  at  last  disappears  almost 
entirely  ;  for  the  dew,  which  is  at  first  copious,  diminishes  erery 
night  I  and  if  Dr.  Watson's  experiment  formerly  mentioned  be  at* 
tended  to  *,  it  will  not  be  objected  that  the  quantity  of  eraporation 
balso  Tory  much  diminished.     Of  the  Tery  dry  state  to  which  the 
ataoqphere  is  reduced  during  long  droughts,  the  violent  thunder, 
stonni  with  which  they  often  conclude  is  a  proof,  and  a  Tery  de« 
cistre  one.     Now  what  becomes  of  all  this  moisture  ?  It  u  not 
aecnmolated  in  the  atmosphere  aboye  the  country  from  which  it 
was  evaporated,  otherwise  the  whole  atmosphere  would  in  a  much 
less  period  than  a  month  be  perfectly  saturated  with  moisture*     If 
it  be  carried  up  daily  through  the  different  strata  of  the  atmosphere, 
and  wafted  to  other  regtous  by  superior  currents  of  air,  how  is  it 
possible  to  account  for  the  different  electrical  state  of  the  clouds 
dtnated  between  different  strata,  which  often  produces  the  most 
vioiont  thunder Jitorms?  Are  not  vapours  conductors  of  the  electric 
fluid  ?  and  would  they  not  hare  daily  restored  the  equilibrium  of 
the  whole  atmosphere  through  which  they  passed  ?   Had  they  tra- 
versed the  atmosphere  in  this  manner,  there  would  ha?e  been  no 
negative  and  positive  clouds,  and  consequently  no  thunder-storms. 
They  could  not  have  remained  in  the  lower  strata  of  the  atmo« 
sphere,  and  been  daily  carried  ofT  by  winds  to  other  countries;  for 
there  are  often  no  winds  at  all  during  several  days  to  perform  this 
office  ;  nor  in  that  case  would  the  dews  diminish,  nor  could  their 
presence  fail  to  be  indicated  by  the  hygrometer. 

It  is  impossible  for  us  to  account  for  this  remarkable  fact  upon 
any  principle  with  which  we  are  acquainted.  The  water  can  nei. 
ther  remain  in  the  atmosphere,  nor  pass  through  it  in  a  state  of  va- 
pour. It  must  therefore  assume  some  other  form ;  but  what  form 
is,  or  how  it  assumes  it,  we  know  not. 

There  are,  then,  two  steps  of  the  process  between  evaporation 
«nd  rain,  of  which  at  present  we  are  completely  ignorant:  i.  What 


•  Seep.  12M. 
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becomies  of  tiie  Tftponr  after  it  enten  into  the  atmosphere,  t.  What 
makes  it  lay  aside  the  new  form  which  it  must  hare  assumed,  and 
return  again  to  its  state  of  irapour,  and  fkll  down  in  nun.  And  till 
these  two  steps  be  discoTered  bj  experiments  and  obserratione,  it 
ilrill  be  impossible  for  us  to  give  a  rational  or  a  useful  theory  of 
rain. 

Dr.  Pratt  of  Exeter  has  eodearoured  to  proye,  in  a  rerj  inge« 
niouB  treatise,  that  water  is  decomposed  during  its  eTaporation,  and 
eobTerted  into  oxygen  and  hydrogen  gas ;  but  the  absence  of  any 
perceptible  quantity  of  this  last  gas  in  the  atmosphere,  eren  when 
rain  fs  actually  forming,  cannot  be  accounted  for,  unless  we  suppose 
that  the  products  of  the  decomposition  are  different.  Girtanner'f 
theory,  that  azote  is  composed  of  hydrogen  and  oxygen,  would  re* 
iBOTe  erery  difficulty ;  but  unfortunately  that  theory  is  not  only 
destitute  of  proof,  but  militates  against  the  known  properties  of 
ifater,  axote,  and  hydrogen.  We  must  therefore  be  cautious  in 
drawing  any  conclusion  till  future  discoreries  hare  removed  the  ol>» 
scurity  in  which  the  phsnomena  of  rain  are  at  present  inTolved* 

The  mean  annual  quantity  of  rain  is  greatest  at  the  equator,  and 
decreases  gradually  as  we  approach  the  poles.     Thus  at 

*  Granada,  Antilles,  IT  N.  lat.  it  is  126  inches 

♦  Cape  Francois,  St. 

Domingo    .     .     .  19*   45'  .  .  .  120 

f  Calcutta     .     .     .     .  22    23  .  .  .  81 

t  Rome 41     54  .  .  .  3» 

^  England     •     .     •     •  33    00  .  *j  •  32 

Petersburgh   .     .     .  69     16  •  .  .  16 


On  the  contrary,  the  number  of  rainy  days  is  smallest  at  tlie  equa. 
tor,  and  increases  in  proportion  to  the  distance  from  it.  From 
north  latitude  12"  to  43**  the  mean  number  of  rainy  days  is  78;  from 
43*  to  46"  the  mean  number  is  103;  from  46'  to  60*  it  is  134; 
from  51*  to  60*  161  f. 


•  Cottc,  Joan  de  Phys.  Oct.  1791,  p.  840. 

f  Aiiatic  Researches,  i.  and  ii.  Appendix. 
}  Cotte,  Joor.  dc  Phys.  Oct.  1791,  p.  264. 
S  Phil.  Trans.  ||  Edin.  Trans,  ii.  244. 

1  Cottc,  Jour,  de  Phys.  Oct.  1791,  p.  264* 


mmi  tal  dw  qMiiitli|r  of  nln  fa  greater  lo  Mmifttr  thta  b  whu 
tart.  At  Petenliiffli  tte  noiBber  of  rminj  or  taowj  dqrtdariig 
viator  b  84)  ud  the  qvftiitltjr  wbich  f alii  fa  odIj  about  fif»  inchis  s 
doffii^  f«MMr  Hm  mmber  of  raioj  dajt  fa  nearljr  tho  tMM,  bm 
tibo  fCUUititjwbiGb  falli  fa  aboot  11  iochtsr. 

More  lafai  fUk  to  moantiiiioiis  comitrias  tbaa  io  plain  •  Anioi^ 
te  Aadaa  it  fa  lald  to  rain  akmt  perpetoalij,  wUIa  fo  ISgypi  H 
terdlj  ofor  raioi  at  aU.  If  a  rain«fiiago  bo  pb^ed  on  tte  gronody 
lai  SAodwr  at  aoaM  height  perpndicnfairijabofaity  vmt  rab  vUl 
be  ooilectod  ioto  the  lower  than  into  the  higher ;  a  proof  that  tho 
qaantity  of  rain  increases  as  it  descends,  owing  perhapn  to  the 
drapi  attracting  raponr  dnrbig  their  passage  throogh  th^  lower 
itiata  of  the  atmosphere^  where  the  greatest  qoantitjr  resides. 
TIfay  bowofer.  is  not  always  the  case9  as  Mr.  Copland  of  Domfriet 
dhcorcrod  in  the  course  of  hfa  experiments  :(•  He  obserred,  also, 
tfait  when  the  qnantitj  of  rain  collected  in  the  lower  gnage  was 
greatest,  the  rain  commonly  continued  for  some  time ;  and  that  the 
greatest  qnantitj  was  collected  in  the  h^her  guage  only  either  at 
tte  end  of  great  rains,  or  during  rains  which  did  not  last  long. 
These  obserralions  are  important,  and  may,  if  followed  out,  giro 
ss  new  knowledge  of  the  causes  of  rain.  They  seem  to  show,  that 
during  rain  the  atmosphere  is  somehow  or  other  brought  into  a 
state  which  induces  it  to  part  with  its  moisture  ;  and  that  the  rain 
continues  as  long  as  this  state  continues*  Were  a  sufficient  num. 
ber  of  obsenrations  made  on  this  subject  in  different  places,  and 
Wf  re  the  atmosphere  carefully  analysed  during  dry  weather,  during 
raio,  and  immediately  after  rain,  we  might  soon  perhaps  discoTer 
the  (me  th*^ory  of  rain* 

Rain  falls  in  all  seasons  of  the  year,  at  all  times  of  the  day,  and 
during  the  night  as  well  as  the  day  ;  thongh,  according  to  M.ToaldOji 
a  greater  quantity  falls  during  the  day  than  the  night.  The  causf 
of  rain,  then,  whaterer  it  may  be,  must  be  something  which  ope- 
rates at  all  times  and  seasons.  Rain  falls  also  during  the  conti- 
nuance of  erery  wind,  but  oftenest  when  the  wind  blows  from  tlie 
iottth.     Falls  of  rain  often  happen  likewise  during  perfect  caln^s. 

•  Id.  ibid.  f  Edio.  Train,  ii.  844, 

X  Maocbettcr  TnuM.  St.  619. 
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It  appears  from  a  paper  published  by  M.CoUe  in  the  Journal 
de  Physique  for  October  1791,  containing  the  mean  quantltj  of 
rain  falling  at  147  places^  situated  between  north  lat.  W  and  60*y 
deduced  from  tables  kept  at  \hese  places^  that  the  mean  annual 
quantity  of  rain  falling  in  all  these  places  is  14*7  inches.  Let  us 
suppose  then  (which  cannot  be  very  far  from  truth)  that  the  mean 
annual  quantity  of  rain  for  the  whole  globe  is  34  inches.  Th« 
superficies  of  the  globe  consists  of  170,081,012  square  miles,  or 
686,401 ,498,47 1 ,475,200  square  Inches.  The  quantity  of  rain  there, 
fore  falling  annually  will  amount  to  33,337,650,812,030,156^800 
cubic  inches,  or  somewhat  more  than  91,751  cubic  miles  of  water*. 

The  dry  land  amount  to  52,745,253  square  miles  ;  the  quantity 
of  rain  falling  on  it  annually  therefore  will  amount  to  30,960  cubic 
miles.  The  quantity  of  water  running  annually  into  the  sea  is 
13,140  cubic  miles;  a  quantity  of  water  equal  to  which  must  be 
supplied  by  evaporation  from  the  sea,  otherwise  the  land  woold 
soon  be  completely  drained  of  its  moisture. 

SECTION    II. 

Annual  Fall  of  Rain^from  ErxUben,  Dalton,  and  others,  tnth 

subjoined  Remarks, 

Upsal. Inches  16.7     Lyndon,  Rutl.  21  y 943 

Wot  Bridgford,  NoCtini:. 17.0  Utrecht    24,7 

Wittenberg 17.0  Haarlem «4.7 

StPetersburg 17.2  Youngsbury,  Hartf.  5 y 25.0 

L^nd.***>* 1S.5  Kimbolton,  Hunt 85.0 

Diss,  Norfolk 18.7  Norwich,  IS  y 25.5 

Upminster,  Essex 19.6  Fyfield,  Hampsh.  7  y 25.9 

Carlisle,  ly 20.2  Fcrryby,  Yoiksh 26.9 

Paris    20.2  Chichester 26.8. 

Berlin 20.6  Ulm 27.0 

Wlddrington,  North,  ly 21.2  Algiers 27.0 

Rome 21.3  Barrowby,  Yorksh.  6y. 27.4 

EdlDbvgh 22.0  Chatsworth,  Dcrbysb.  15  y 27.8 

Dublin 22.2  Hague 28.4 

SouthLambeth.  9y. 22.7  Delft a8.6 

London,  7  J*  •  •  •  'j. ^*^  Hardcrwyk 28.6 

Kear  OundleJNorth.  14 y 23.0  A  place  in  Cornwall,  1  y. 29.1 

lifle • 24.0  Bristol,3y 29.2 
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Bri3gwmter,  ScMMiB. •  89^  Venice 3G.1 

Abo 29^  Selbouroe,  Hmmpsb. 37.9 

LeydcD    30.2  DoTer»5y S7.S 

Nadeiim  ^ SUO  Ljoni    ^.4 

MiMhoid,  Somen. 31.3  Kirkmichael,  Dumfr. 40.8 

lMto«*t  ■BftB  for  all  England,  Lndgvan,  Cornw. 41.0 

takiflcfintaiMaaof  tbecoun-  Dordrecht    ••« 41.0 

On   313  Townley,  Lanc.lSy 41.5 

Mean  of  16  placet  In  Great  Bri-  Pisa 43.f 

taiflyEocBr. 32.5  Lancaster,  10 y • ••  4501 

DaltMi^a  larmediate  oMan  of  32  Waith  Sutton,  Wcstm.  5  y.  •  •  •  •  46.0 

piacctt  aoftly  raiay 35.2  Plymouth,  2 y 46.5 

liiBchestcr«  9  y. ••  33.0  Charlestown 50.9 

MIMlebarg 33.0  Gandale,  Weslm.  3  y 59.3 

Zorldi 33.1  Fellfoof,Westm.3y 55.7 

Sieter 33.2  Kendal,  Wettm.  II  y 59.9 

Liverpool,  18y 34.4  Kendal,  in  1782 83.5 

FMlna 34.5  Crawshawbooth,  Lane.  2  y 60.0 

Cotters  memo  of  147  places  •  •  •  •  34.7  Keswick,  Cumb.  7  y ••....  67.0 

Sieaaa 35.2  East  Indies,  sometimes 104  0 

[  Young's  Nat.  Phil. 

For  rain  and  dew  together  Dalton  makes  the  mean  of  England 
and  Wales  36  inches,  amounting  in  a  year  to  28  cubic  miles  of 
water. 

From  observations  made  in  1804  at  Exeter,  Chichester,  Lon. 
don,  Diss,  Chatsworth,  W.  Bridgford^  Ferribj,  Lancaster,  and 
Kendafl,  it  appears  that  December  was  the  wettest  month  in  four  of 
these  places ;  June  in  two,  May  and  November  each  in  one,  and 
April  and  December  in  one  instance  equally  wetter  than  the  rest. 

Erzleben  asserts,  ii,  735,  that  the  droits  of  rain  at  the  equator 
are  sometimes  an  inch  in  diameter. 

Ulloa  affirms  that  it  never  rains  in  Pern  ;  but  that  for  a  part  of 
the  year  the  atmosphere  is  obscured  by  thick  fogs,  called  garuas. 

In  some  parts  of  Arabia  it  seldom  rains  more  than  two  or  three 
times  in  two  or  three  years  ;  but  the  dews  are  heavy  and  refresh  the 
toil  and  supply  the  few  plants,  which  grow  in  these  regions,  with 

moistare. 

[FMtor. 


l4 


152  IfALL  OF  BUTTBR-LIKB  DEW- 

SECTION  III. 

.     Fall  of  ButterMke  D«»  tit  different  Parts  of  Ireland. 

This  carioas  phatnomenon  is  noticed  in  two  separate  ardclot  \m 
Tol.  ziz  of  the  Philosophical  Transactions.  The  first  is  an  extract 
of  a  letter  from  Mr.  Robert  Vans  of  Kilkenny,  dated  Nor.  15, 
1695,  as  follows : 

*^  We  hare  had  of  tate,  in  the  county  of  Limerick  and  Tipperarj^ 
showers  of  a  matter,  like  batter  or  grease.  If  this  be  rubbed  ofei 
ones  hand,  it  will  melt,  but  laid  by  the  fire,  it  dries  and  grows 
hard,  hanng  a  very  stinking  smell.  This  last  night  some  fell  at 
this  place,  which  1  saw  this  morning.  It  is  gathered  into  pots  and 
other  vessels,  by  some  of  the  inhabitants  of  this  place." 

The  second  article  is  still  more  minute,  and  proceeds  from  the 
welljLnown  pen  of  the  Bishop  of  Cloyne,  bearing  date  April 
1795. 

^^  Having  very  diligently  inquired  concerning  a  very  odd  pheno. 
menon,  which  was  observed  in  many  parts  of  Monster  and  Leini* 
ter»  the  best  account  I  can  collect  of  it  is  as  follows  :  For  a  good 
part  of  last  winter  and  spring,  there  fell  in  several  places,  a  kind 
of  thick  dew,  which  the  country  people  called  butter,  from  the 
consistency  and  colour  of  it,  being  soft,  clammy,  and  of  a  dark 
yellow ;  it  fell  always  in  the/  night,  and  chiefly  in  moorish  low 
grounds,  on  the  top  of  the  grass,  and  often  on  the  thatch  of  cabint. 
It  was  seldom  observed  in  the  same  places  twice :  it  commonly  lay 
on  the  earth  for  near  a  fortnight,  without  changing  its  colour ; 
but  then  dried  and  turned  black.  Cattle  fed  in  the  fieldi 
where  it  lay  indifferently,  as  in  other  fields.  It  fell  in  lumps, 
often  as  large  as  the  end  of  one's[finger»  very  thin  and  scatteringly; 
it  had  a  strong  ill  scent,  somewhat  like  the  smell  of  church-yards 
or  graves ;  and  indeed  we  had  during  most  of  that  season  vciy 
stinking  fogs,  some  sediment  of  which  might  probably  occaaioa 
this  stinking  dew,  though  I  will  by  no  means  pretend  to  offer  that 
as  a  reason  of  it :  Lcannot  find  that  it  was  kept  long,  or  that  it  bred 
any  worms  or  insects  ;  y^t  the  superstitious  country  people,  wlio 
bad  scald  or  sore  heads,  rubbed  them  with  this  substance,  and 
said  it  healed  them." 

IPhil.  Tran.  1696. 
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W«  hsam  alreidj  had  occaiion  to  obserre  that  snbi taocet  of  tm. 
liou  kindf  are  freqaeotlj  carried  into  the  atmosphere  bjr  their 
own  loTity  or  other  force.  Fat  or  batter  is  nothing  more  tlian  a 
■iztnre  of  h/drogen  and  carbon  in  certain  relatire  proportiona  to 
ci^  other.  Both  thete  snbatances  are  often  eitricated  from  the 
saifcoo  of  the  low  moorish  grounds  here  referred  to ;  and  from 
their  afinitjr  to  each  other,  Tery  generally  ascend  in  combination^ 
fimniog  what  the  chemists  call  hydro.carbonat,  or  carbnretted 
^drofen  gaa :  and  hence,  in  the  instance  before  as,  the  combina* 
tieo  of  theie  two  substances,  was  in  all  probability  such  as  to 
fMidace  the  nnctuoos  material  here  described*.  [Editoa. 

SECTION  ir. 

Dense  Fog  on  the  Island  of  Sumatra. 
By  WiUlam  Mareden,  £m|. 

I»  the  year  1775  the  S.  £.  or  dry  monsoon,  set  in  about  the 
middle  of  June,  and  continued  with  yery  little  intermission  till 
the  flsonth  of  March  in  the  following  year.  So  long  and  serere  a 
drought  had  not  been  experienced  there  in  the  memory  of  the 
oldest  man.  The  Terdure  of  the  ground  was  burnt  up,  the  trees 
were  stripped  of  their  leaves,  the  springs  of  water  failed^  and  the 
earth  erery  where  gaped  in  fissures.  For  some  time  a  copious 
dew  falling  in  the  night  supplied  the  deficiency  of  rain  ;  but  this 
did  not  last  long :  yet  a  thick  (og^  which  rendered  the  neighbour- 
ing  hills  invisible  for  months  together,  and  nearly  obscured  the  sun, 
nerer  ceased  to  hang  orer  the  land>  and  add  a  gloom  to  the  pros* 
pect  already  but  too  melancholy.  The  Europeans  on  the  coast 
sufifered  extremely  in  sickness  ;  about  a  fourth  part  of  the  whole 
number  being  carried  ofiF  by  ferers  and  othor  bilious  distempers, 
the  depression  of  spirits  which  they  laboured  under,  not  a  little 
contributing  to  hasten  the  fatal  efiects.  The  natives  also  died  in 
great  numbers. 

*  The  solMtaoce  called  Honey-dew  does  not  regularly  belong  to  thlsdiTision 
tf  oer  work.  It  it  otiially  an  excrementitioiu  secretion  of  various  insects 
Alt  adhere  to  tbe  lower  mrfWce  of  the  leaves  of  planu  f  and  we  shall  notice 
it  accordingly  In  tbe  subsequent  divisions  of  the  Gallery  of  Nature  and  Art, 
which  will  be  found  to  comprise  the  curiosities  of  Zoology.  The  dew  of 
plaits  b  in  like  sMoner  an  aqueous  secretion  from  the  secernent  vessels  of 
pilots.  Editok. 
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In  the  month  of  Noyember  that  year,  the  dry  season  haTiog 
then  exceeded  its  usual  period,  and  the  S.S.  winds  continuing  with 
unremitting  Tiolence,  the  sea  was  observed  to  be  cov  red,  to  the 
distance  of  a  mile,  and  in  some  places  a  league  from  shore,  witk 
fish  floating  on  the  surface.  Great  quantities  of  them  were  at  th« 
same  time  driTen  on  the  beach  or  left  there  by  the  tide,  some  quit* 
aliye,  others  dying,  but  the  greatest  part  quite  dead.  The  fish 
thus  found  were  not  of  one  but  Tarious  species,  both  large  and 
small,  flat  and  round,  the  cat.fish  and  mullet  being  generally  th« 
most  preTalent.  The  numbers  were  prodigious,  and  orerspread 
tiie  shore  to  the  extent  of  some  degrees  ;  of  this  I  had  ocular  proof 
or  certain  information,  and  probably  they  extended  a  considerable 
way  farther  than  I  had  opportunity  of  making  inquiry.  Their 
first  appearance  was  sudden  ;  but  though  the  numbers  diminished, 
they  continued  to  be  thrown  up,  in  some  parts  of  the  coast,  for  a€ 
least  a  month,  furnishing  the  inhabitants  with  food,  which, 
though  attended  with  no  immediate  ill  consequence,  probably 
contributed  to  the  unhealthineas  so  seyerely  felt.  No  alteration  in 
the  weather  had  been  remarked  for  many  days  preyious  to  their 
appearance.  The  thermometer  stood  as  usual  at  the  time  of  year 
at  about  85^ 

Various  were  the  conjectures  formed  as  to  the  cause  of  this  ex- 
traordinary phenomrnon,  and  almost  as  various  and  contradictory 
were  the  consequences  deduced  by  the  natives  from  an  omen  so 
portentous ;  some  inferring  the  continuance,  and  others,  with 
equal  plausibility,  a  relief  from  the  drought.  With  respect  to 
the  cause,  I  must  confess  myself  much  at  a  loss  to  account  for  It 
satisfactorily.  If  I  might  hazard  a  conjecture,  and  it  is  not  offered 
as  any  thing  more,  I  would  suppose,  that  the  sea  requires  the  mix* 
ture  of  a  due  proportion  of  fresh  water  to  temper  its  saline  quality, 
and  enable  certain  species  of  fish  to  subsist  in  it.  Of  this  sala. 
brious  correction  it  was  deprived  for  an  unusual  space  of  time,  not 
only  by  the  want  of  rain,  but  by  the  ceasing  of  many  rivers  to 
flow  into  it,  whose  sources  were  dried  up.  I  rode  across  the 
mouths  of  several  perfectly  dry,  which  I  had  often  before  passed 
in  boats.  The  fish  no  longer  experiencing  this  refreshment,  ne* 
cessary  as  it  would  seem  to  their  existence,  sickened  and  perished 

as  in  a  corrupted  element. 

[Phii.Tranf,  1781. 
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SECTION  V. 

VioUni  Showers  of  Riun  at  Denbigh :  in  a  Communication  to 
Dr.  (Sir  Hans)  Sioane,  Secretary  to  the  Royal  Society. 

TuttBAT  the  lOUi  of  JaljT,  I7O6,  about  eight  o'clock  in  the 
■oraiiigy  it  began  to  rain  in  and  about  Denbigh^  which  continaed 
iBcefMntlj  for  thirtj  Itonrs^  but  not  Tery  fioientl j  till  about  three 
tr  I6«r  o'clock  on  Wednesday  moming»  when  it  rained  somewliat 
(iHtery  attended  with  a  terrible  noise  like  thunder,  with  some 
fluliei  of  lightning,  and  a  boisterous  wind.  About  break  of  day 
the  lain  and  wind  began  to  abate  of  their  fiolence,  lessening  gnu 
dually  till  about  one  or  two  o'clock  in  the  afternoon,  when  it 
quite  ceased,  and  the  air  became  clear  and  somewhat  calm.  On 
tbe  Tuesday  the  wind  blew  south  west,  but  on  the  Wednesday  it 
was  come  to  the  north  west. 

The  effects  of  this  great  storm  were  dismal,  for  it  caused  the 
orerflowing  of  all  the  rivers  in  Denbighshire,  Flintshire,  and 
Merionethshire,  &c.  which  spoiled  a  great  deal  of  corn,  aud  took 
olT  all  the  hay  that  was  mowed,  near  the  banks  of  tfie  riTcrs^ 
ifhich  were  carried  by  the  stream  in  such  rast  quantities  down  to 
the  bridges  that  it  choked  the  arches  and  inlets,  so  as  to  break 
down  above  a  dozen  large  bridges.  Great  oaks  and  other  large 
trees  were  rooted  up  and  swept  away,  with  several  quickset 
hedges,  and  some  quillets  by  the  side  of  the  river  Elwy  were  so 
ooTered  with  stones  and  grayel,  that  the  owners  cannot  well  tell 
whereabouts  their  hedges  and  landmarks  stood ;  aud  the  same 
liver  has  altered  its  course  in  some  places,  so  as  to  rob  the  land* 
lords  on  one  side  of  some  acres,  and  bestowed  as  much  on  the 
opposite  side.  Two  or  three  rivulets  that  conveyed  water  to  some 
mills  have  been  so  choked  up  with  stones  and  gravel,  as  to  make 
it  hardly  worth  the  expence  of  clearing. 

It  is  atiirmed  by  many  people  that  the  great  floods  were  not  so 
much  the  effects  of  the  rain,  as  the  breaking  out  of  a  vast  number 
of  springs,  in  such  places  as  they  were  never  known  to  flow  from 
before.  In  the  town  of  Denbigh  a  great  many  broke  out  in  the 
houses  and  stables,  especially  in  that  part  which  lies'  next  the 
castle  on  the  north  side  ;  some  of  them  with  a  great  deal  of  vio. 
Icnce,  and  in  such  a  quantity,  that  it  is  said  that  three  of  these 


136     VIOX.BNT  SHOWBAS  Off  RAIN  AT  miPVaV^Blh 

new  springs,  which  flowed  out  of  the  stables  of  the  three  noted 
inns,  Tiz.  the  Ball,  Cross  Ke3rs,  and  Boar's  Head,  were  soficient 
to  turn  any  corn  mill. 

At  a  small  distance,  northward  of  Denbigh,  lies  Park  Snodiof , 
a  rocky  hill,  out  of  which  issued  a  great  many  springs,  whleh 
flowed  so  plentifully  for  nine  or  ten  days,  that  the  cattle  watered 
at  them  all  that  time;  whereas,  before  and  after,  the  people  were 
forced  to  water  them  all  summer  at  a  well  in  the  highway,  at 
some  distance  from  Park^nodiog.  There  are  several  deep  hol€V 
and  trenches  cat  in  the  highways  adjoining  to  the  rirer  Elwy,  fte* 
and  some  of  them  rery  large,  which  is  attributed  not  io  mnch  tm 
the  oTerflowing  of  the  rirer  as  to  the  breaking  out  of  springs  in 
those  very  places. 

In  Comb  mountain  there  is  a  pit  of  a  circnlar  form,  which  in 
the  summer  time  used  to  have  little  or  no  water  io  it,  and  in  winter 
as  much  water  as  would  swell  the  surface  to  about  14  or  16  yarda 
over :  but  now  in  the  midst  of  summer  it  rose  np  at  least  a  yard  and 
a  half  higher,  than  it  was  ever  known  to  do  in  the  wettest  winters  ; 
and  overflowing  its  banks,  it  fell  down  the  hill  with  such  violence^ 
as  to  penetrate  into  the  very  body  of  a  rock  road,  and  dag  piti 
in  it,  so  that  the  road,  which  was  a  common  highway,  is  now  be. 
come  irreparable. 

[Phil.  Trans.  1783. 

2.  jit  Ripponden. 
By  Mr.  Ralph  Thoresby,  F.R.S. 

The  effects  of  a  violent  shower  of  rain  at  Ripponden,  near 
Halifax,  were  so  surprising,  that  I  wrote  to  a  gentleman  in  those 
parts  for  an  account  that  might  be  depended  on  ;  and  particnlarly 
desired  to  know,  whether  there  was  not  an  eruption  of  waters  out 
of  the  hills,  as  the  late  Mr.  Townley  wrote  me  there  was  out  of 
Pendle.hilU  in  that  at  Star-bottom  mentioned  in  the  Pbilos.  Trans, 
No. 945  :  but  all  the  account  I  can  learn  of  this  is,  that  what  they 
call  the  dashing  of  two  great  watery  clouds  on  the  hills,  occasioned 
the  inundation ;  whatever  was  the  more  immediate  cause,  the 
effects  were  dismal,  and  so  sudden,  that  though  it  was  in  the 
day-time,  the  poor  people  could  not  save  their  lives.  This  eahu 
mity  happened  May  18,  172^9  between  the  hours  of  three  and 
five,  when  the  beck  was  raised  more  than  two  yards  in  perpendi* 
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cttUr  Iwigbt,  aboTe  whmt  was  eTer  kiiowa  before.  Several  houses^ 
four  milUy  some  laj  six,  nine  stone.bridges,  and  ten  or  eleven  of 
woody  are  broken  down,  and  the  wheels,  dams,  and  bluices,  of 
most  of  the  miUs  that  are  left  standing,  broken  and  damaged ;  and 
a  groat  deal  of  cloth  gone.     Fifteen  persons  were  drowned. 

Th^rapiditf  of  the  torrent  was  so  violent,  that  it  broke  down 
the  Bortluside  of  Rippooden  chapel,  and  carried  off  most  of  tho 
seiti.  It  tore  np  the  dead  ont  of  their  graves.  It  swept  awaj  all 
thicmiJand,  as  deep  as  the  plough  had  gone.  Some  persona 
ttved  tbasiielvea  bj  forcing  a  waj  out  of  the  roofs  of  their  houses, 
aai  sMiag  upon  the  ridges  till  the  floods  abated. 

[PAi7.  Tram.  1774. 

SECTION  VI. 

Storm  of  Salt  Rain. 

Along  with  the  water,  gasseous  and  other  tight  materials  that 
ffeqoentljr  aKend  into  the  atmosphere  in  the  usual  process  of 
eraporatkm,  we  occasionally  meet  with  a  combination  of  much 
lieavier,  and  more  unexpected  substances,  when  the  force  of  wlnd^ 
volcanic  eruptions,  local  electricity,  or  some  other  concurrent 
power  is  present  and  in  great  activity.  The  following  is  a  singular 
instance  of  the  kind,  and  made  so  striking  an  impression  at  the 
time,  that  the  Philosophical  Transactions  contain  three  separate 
articles  upon  it;  which,  as  each  contains  circumstances  unnoticed 
by  the  rest,  we  shall  give  in  their  regular  order.  The  three  en* 
suing  sections,  howevfer,  will  be  found  to  offer  still  more  extraor- 
dinary examples.  [EoiToa. 

|.  Sali-ttorm  in  Sussex:  as  described  in  a  Letter  from  John 

Fuller,  Esq.  Dec.  6,  1703. 

We  live  ten  miles  from  the  sea  in  a  direct,  and  yet  cannot  per- 
suade the  country  people  but  that  the  sea  water  was  blown  thus 
fiir,  or  that  during  the  tempest  the  rain  was  salt ;  for  all  the  twigs 
of  the  trees  the  day  after  were  white  and  tasted  very  salt,  as  I  am 
informed  almost  by  every  body,  though  I  did  not  taste  them  time 
enough  myself,  nor  observe  it ;  and  that  not  only  upon  this  hill 
where  we  live  facing  the  sea,  but  in  all  other  places  within  four, 
tcfi^  or  fifteen  miles  of  the  sea,  as  well  in  the  valleys,  between 
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which  and  the  sea  are  seTeral  rerj  high  hills,  as  on  the  hills  them. 
seWes. 

9.    Observations  on  the  above,  bt/  the  Rev,  William  Derham, 

r*  R»  S- 

Of  the  preceding  [larts  of  this  year,  the  months  of  April*  May, 
June,  and  July,  were  wet  in  the  southern  parts  of  England ; 
particularly  in  May,  when  more  fell  than  in  any  month  of  anj 
year  since  1696  ;  June  also  was  very  wet ;  and  though  July  had 
considerable  intermissions,  yet  on  the  28th  and  29th  there  fell 
violent  showers  of  rain.  And  the  newspapers  gave  accounts  of 
great  rains  that  month  from  divers  places  of  Europe ;  but  the 
north  of  England  (which  also  escaped  the  yiolence  of  the  late 
storm)  was  not  so  remarkably  wet  in  any  of  those  months ;  at 
least  not  in  that  great  proportion,  more  than  in  the  southern 
parts,  as  usually  there  are;  particularly  July  was  a  dry  month 
with  them.  September  with  us  was  a  wet  month,  especially  the 
latter  part  of  it.  October  and  November,  though  not  remarkably 
wet,  yet  have  been  open  warm  months  for  the  most  parL  My 
thermometer,  the  freezing  point  of  which  is  about  84,  has  been 
very  seldom  below  100  all  this  winter,  and  especially  in  No- 
vember. 

Thus  I  have  given  a  short  account  of  the  preceding  disposition 
of  the  year,  particularly  as  to  wet  and  warmth ;  because  I  am  of 
opinion  that  these  had  a  great  influence  on  the  late  storm ;  not 
only  in  causing  a  repletion  of  vapours  in  the  atmosphere,  but  also 
in  raising  such  nitro-sulphureous  or  other  heterogeneous  mattefi 
which  when  mixed  together  might  make  a  sort  of  explosion,  like 
fired  gunpowder,  in  the  atmosphere:  from  which  explosion  I 
judge  those  corruscations  or  flashes  in  the  storm  proceeded, 
which  most  people,  as  well  as  myself,  observed,  and  which  some 
took  for  lightning. 

On  Thursday,  Nov,  25,  the  day  before  the  tempest,  in  the 
morninii^  there  was  a  little  rain,  the  winds  high  in  the  afternoon, 
at  S.  by  E.  and  S.  In  the  evening  there  was  lightning,  and  be- 
tween nine  and  (en  o'clock  at  night,  a  violent  but  short  storm  of 
wind,  and  much  rain,  at  Upminster,  and  of  hail  in  some  other 
places,  which  did  some  damage.      Next  morning,  November  %G 
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the  wind  was  S.S.W.  and  high  all  day,  and  so  continued  till  I  was 
io  bed  and  asleep.  About  tweWe  that  night  the  storm  awakened 
me,  which  gradoally  increased  till  near  three  that  morning.  And 
from  tbence  till  near  seven  it  continued  with  the  greatest  tio. 
lenee  ;  then  it  began  to  abate  slowly,  and  the  mercory  to  rise 
swiftly.  The  barometer  I  found  at  ]2h.  ^  P.  Bl.  at  28.72,  when 
h  coiiftiaved  till  about  six  the  next  morning,  and  then  hastily  rose; 
so  that  it  was  gotten  to  82  about  eight  o'clock* 

The  degrees  of  the  wind's  strength  not  being  measurable,  but 
lygoess,  I  thus  determined  with  respect  to  other  storms:  on 
February  7,  1690,  was  a  terrible  storm,  that  did  much  damage : 
fUi  I  nnmber  10  degrees ;  the  wind  then  W.  N.  W.  vid.  Phil.Tr. 
No.  962.  Another  remarkable  storm  was  Feb.  3,  17029  at  which 
time  was  the  greatest  descent  of  the  mercury  ever  known  :  this  I 
avmber  9  degrees.  But  this  last  of  November,  I  number  at  least 
15  degrees. 

I  have  accounts  of  the  violence  of  the  storm  at  Norwich,  Bee- 
tles, Sudbury,  Colchester,  Rochford,  and  several  other  interme. 
diate  places. 

I  have  just  received  an  accouat  from  a  clergyman,  an  intelligent 
person,  at  Lewes  in  Sussex,  not  only  that  the  storm  made  great 
desolations  thereabouts,  but.  also  an  odd  circumstance  was  occa- 
sioned by  it,  viz.  ^'  That  a  physician  travelling  soon  after  the 
itorm  to  Tisehyrst,  about  twenty  miles  from  Lewis,  and  as  far 
from  the  sea,  as  he  rode  he  plucked  some  tops  of  hedges,  and 
chewing  them  he  found  them  salt.  Some  ladies  of  Lewes  hearing 
this,  tasted  some  grapes  that  were  still  ou  the  vines,  and  they  also 
had  the  same  relish.  The  grass  on  the  downs  in  his  parish  was  so 
salt,  that  the  sheep  fn  the  morning  would  not  feed,  till  hunger 
compelled  them,  and  afterwards  drank  copiously  as  the  shepherds 
report.  This  he  attributes  to  saline  particles  driven  from  the  sea. 
He  hears  also,  that  people  about  Portsmouth  wen;  much  annoyed 
with  sulphureous  fumes,  complaining  they  were  almost  suffocated 
with  them." 

3.  Additional  Observations  on  the  same, 
By  M.  Leuwenhoeck. 
Upon  the  8th  of  December,   1703,  N.  S.    we  had  a  dreadful 
storm  from  the  south  west,  insomuch  that  the  water,  mingled  with 
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tmall  parts  of  cbalk  and  stone,  was  so  dashed  against  the  wiodowa, 
that  many  of  them  were  darkened  with  it ;  and  the  lower  windows 
of  my  house  were  not  opened  till  eight  o'clock  that  morning, 
notwithstanding  that  they  look  to  the  north  east,  and  conseqnentlj 
stood  from  the  wind,  and  though  guarded  from  the  rain  by  a  kind 
of  shelf  or  pent-house  OTer  them,  were  yet  so  covered  with  tlie 
|>articles  of  the  water  which  the  whirlwind  cast  against  them, 
that  in  less  than  half  an  hour  they  were  depriTed  of  most  of  their 
transparency.  Supposing  this  might  be  sea-water  which  the  storm 
liad  not  only  dashed  against  our  windows,  but  spread  also  OTor 
the  wliole  country,  I  viewed  the  particles  with  my  microscope, 
and  found  they  had  the  figure  of  our  common  salt,  bat  very  small, 
because  the  water  was  little  from  whence  those  small  particles 
proceeded ;  and  where  the  water  had  lain  rery  thin  upon  tlie 
glass,  there  were  indeed  a  great  number  of  salt  particles,  but  so, 
exceedingly  fine  that  they  almost  escaped  the  sight  throngh  a  very 
good  microscope. 

But  as  to  the  upper  windows,  where  the  rain  had  beat  against 
them,  and  washed  them,  there  was  little  or  no  salt  to  be  found 
•ticking  upon  them. 

During  the  said  storm,  and  about  eight  o'clock  in  the  rooming, 
casting  my  eye  on  my  barometer,  I  obser?ed  that  I  had  never  seen 
tiie  quicksiher  so  low ;  but  half  an  hour  after,  the  qnicksilTer 
began  to  rise,  though  the  storm  was  not  at  all  abated,  at  lenst  to 
any  appearance  ;  from  whence  I  concluded  that  the  storm  woald 
not  last  long;  and  so  it  happened  accordingly.  Some  persons 
fcared  that  the  scattering  of  this  salt  water  by  the  storm  will  do  a 
great  deal  of  harm  to  the  fruits  of  the  eartii ;  but,  for  my  part,  I 
am  of  a  quite  different  opinion ;  for  I  believe  that  a  little  salt 
spread  over  the  surface  of  the  earth,  especially  where  it  is  lieaTy 
clay.ground,  renders  it  very  fruitful ;  and  so  it  would  be  if  tiie 
tea  sand  were  made  use  of  to  the  same  purpose. 

[Phil.  Dran.  1704. 
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SECTION    VII* 

Volcanic  Showert  or  Rain. 

1.  General  Remarks. 

Tab  aMrmom  fioknce  with  which,  daring  trnptioof,  the  mate, 
fiib  that'compoae  the  bowels  of  the  Tolcano  are  ejected  into  the  at- 
■oqilwr»9  and  the  disturbance  which  is  usually  commanicated  to 
the  aerial  regions,  produce  a  conjoint  force  which  b  frequently 
•■fident  to  drive  such  materials  in  the  course  of  the  wind  to  a  dis- 
tuee  of  several  hundred  miles ;  and  the  finer  particles  or  dust 
ti  that  of  several  hundred  leagues.  We  proceed  to  give  a  few 
awples.  [Editor. 

2.  Shower  of  Ashes  in  the  Archipelago. 
By  CapC.  William  Badily. 

December  6,  1031,  riding  at  anchor  in  the  Gulf  of  Volo,  about 
ten  o^dock  that  night,  it  began  to  rain  sand  or  ashes,  and  continued 
till  two  o'clock  the  neit  morning.  It  was  about  two  inches  thick  on 
the  deck,  so  that  we  threw  it  o?erboard  with  shovels,  as  we  did  snow 
the  day  before.  The  quantity  of  a  bushel  we  brought  home,  and 
presented  to  several  friends,  especially  to  the  masters  of  the  Tri. 
nity  House.  There  was  no  wind  stirring  when  these  ashes  fell ; 
and  they  not  only  fell  in  the  places  where  we  were,  but  likewise 
hi  other  parts,  as  ships  were  coming  from  St.  John  d*Acre  to  our 
port;  though  at  that  time  a  hundred  leagues  from  us.  We  com. 
pared  the  ashes  together,  and  found  them  both  alike. 

S.  Shower  of  Dust  that  fell  on  a  Ship  between  Shetland  and 
Iceland:  in  a  Letter  from  Dr.  Robert  Whytt,  Prof  Med. 

By  letters  from  a  passenger  on  board  a  ship  bound  from  Leith 
for  Charlestown  in  South  Carolina,  it  appears  that  on  the  night  of 
the  23d  or  S4th  of  October  last,  when  the  weather  was  quite  calm, 
a  shower  of  dust  fell  on  the  decks,  tops  and  sails  of  the  ship,  so 
that  next  morning  they  were  covered  thick  with  it.  The  ship  at 
thii  time  was  between  Shetland  and  Iceland,  about  twenty.fiva 

TOL.  IV.  as 
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teaguef  lAstant  from  the  former,  and  which  was  the  nearest  land. 
This  shower  was  probably  owing  to  the  great  erapttOD|  which  hap> 
pened  at  mount  Hecla  in  Iceland,  in  October. 

4.  On  a  new  kind  of  Rain.  By  the  Count  de  Gioeni^  an  inhabU 
tant  of  the  third  Region  of  Mount  Etna,  Translated  from 
the  Italian, 

The  morning  of  the  24th  inst.  (April  1781)  exhibited  here  a  most 
singular  phenomenon.  £?ery  place  exposed  to  the  air  was  foond 
wet  with  a  coloured  cretaceous  grey  water,  which,  after  evapo. 
rating  and  filtrating  away,  left  every  place  coTered  with  it  to  the 
height  of  two  or  three  Hues ;  and  all  the  iron-work  that  was 
toQched  by  it  became  rusty.  The  shower  extended  from  N.  |  N.E* 
to  S.  4  $•  W.  over  the  fields,  about  seventy  miles  in  a  right  line 
from  the  vertex  of  Etna.  There  is  nothing  new  in  volcanos  having 
thrown  up  sand,  and  also  stones,  by  the  violent  expansive  force 
generated  within  them,  which  sand  has  been  carried  by  the  wiod 
to  distant  regions.  But  the  colour  and  subtilty  of  the  matter  oe» 
casioned  doubts  concerning  its  origin ;  which  increased  from  the 
lemarkable  circumstance  of  the  water  in  which  it  came  incorpo* 
rated;  for  which  reasons  some  other  principle  or  origin  was  5Q%. 
pected. 

It  became  therefore  necessary  by  all  means  to  ascertain  the  na«i 
tare  of  this  matter,  in  order  to  be  convinced  of  its  origin,  and  of 
the  effects  it  might  produce.  This  could  not  be  done  without  the 
help  of  a  chemical  analysis.  To  do  this  then  with  certainty,  I  en. 
deavoured  to  collect  this  rain  from  places  where  it  was  most  pro* 
bable  no  heterogeneous  matter  would  be  mixed  with  it.  I  therefore 
chose  the  plant  called  Brassica  Capitata,  which  having  large  and 
turned  up  leaves,  they  contained  enough  of  this  coloured  water; 
many  of  these  I  emptied  into  a  vessel,  and  left  the  contents  to  settle 
till  the  water  became  clear.  This  being  separated  into  another 
vessel,  I  tried  it  with  vegetable  alkaline  liquors  and  mineral  acids; 
but  could  observe  no  decomposition  by  either.  I  then  evaporated 
the  water,  to  reunite  the  substances  that  might  be  in  solution  :  and 
touching  it  again  with  the  aforesaid  liquors,  it  showed  a  slight  effer- 
vescence with  the  acids.  When  tried  with  the  syrup  of  violets, 
ftis  became  a  pale  green ;  so  that  I  was  persuaded  it  contained  a 
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calcarcoDi  talt.  With  Uie  decoction  of  fftlis  no  prociiittition  ww 
prodoced*  Tlie  matter  being  afterwards  dried  io  tke  shadoy  it  ap« 
peered  a  Tery  subtile,  fine  eertli,  of  a  cretaceous  coloari  bot  ioerti 
from  hafing  been  dilated  bjr  the  rain. 

I  next  tbonght  of  calcining  it  witb  a  slow  fire^  and  it  assamed  tbo 
cekmr  of  a  brick.  A  portion  of  this  being  pat  into  a  crncible,  I 
spplied  to  it  a  stronger  heat,  by  ^hich  it  lost  almost  all  its  acqnired 
coloor.  Again,  I  exposed  a  portion  of  this  for  a  longer  time  to  a 
my  Tiolent  heat,  from  which  a  Yitrification  might  be  expected ;  it 
lonined  however  quite  soft,  and  was  easily  braised,  but  returned 
Id  Its  original  dusky  colour*  From  the  most  accurate  observations 
of  the  smoke  from  the  three  cslcinations,  I  could  not  discover 
cklMr  cokmr  or  smell  that  indicated  any  arsenical  or  sulphureous 
nixtare.  Having  therefore  calcined  this  matter  iu  three  portions, 
with  three  different  degrees  of  fire,  I  presented  a  good  magnet  to 
eadi ;  It  did  not  act  either  on  the  first  or  second ;  a  slight  attrac« 
tion  was  visiUe  in  many  places  on  the  third ;  this  persuaded  me, 
that  this  earth  contains  a  martial  principle  iu  a  metallic  form,  aud 
not  in  a  vitri<^c  substancp. 

The  nature  of  these  substances  then  being  discovered,  their  vol- 
canic  origin  appears ;  for  iron,  the  more  it  is  exposed  io  violent 
calcination,  the  more  it  is  divided,  by  the  loss  of  its  phlogistic  prin- 
ciple ;  which  cannot  naturally  happen  but  in  the  great  chimney  of 
a  volcano.  Calcareous  salt,  being  a  marine  salt  combined  with  a 
calcareous  substance  by  means  of  violent  heat,  cannot  be  otherwise 
composed  than  in  a  volcano.  As  to  their  dreaded  efTtrcts  on  ani. 
mals  and  vegetables,  eTery  one  knows  the  advantageous  use,  in 
medicine,  both  of  the  one  and  the  other,  and  this  in  the  same  form 
as  they  are  thus  prepared  in  the  great  laboratory  of  nature.  Vege* 
tables,  even  in  flower,  do  not  appear  in  the  least  macerated,  which 
has  formerly  happened  from  only  showers  of  sand. 

How  this  volcanic  production  came  to  be  mixed  with  water  may 
be  conceived  in  various  ways.  Etna,  about  its  middle  regions,  is 
generally  surrounded  with  clouds  that  do  not  always  rise  above  its 
summit,  which  is  2900  paces  above  the  level  of  the  sea.  This 
matter  being  thrown  out,  aud  descending  on  the  clouds  below  it^ 
may  happen  to  mix  and  fall  in  rain  with  them  in  the  usual  way. 
It  may  abo  be  conjectured,  that  the  thick  smoke  which  which  the 
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Tolcauic  matter  contained  might,  by  its  rarefaction,  be  carried  in 
the  atmosphere  by  the  winds,  over  that  tract  of  country ;  and  then, 
cooling  80  as  ta  condense  and  become  specifically  heayier  than  the 
air,  might  descend  in  that  coloured  rain*  I  must,  howeyer,  leare 
to  philosophers,  to  whom  the  knowledge  of  natural  agents  belongs, 
the  examination  and  explanation  of  *8uch  phenomena,  confining 
myself  to  obserrationand  chemical  experiments. 

P.  S;  On  Friday  the  4lh  of  May,  about  a  quarter  past  three  ii» 
the  afternoon,  a  slight  shock  of  an  earthquake  was  felt  ivtbe  conn, 
try  about  Etna,  which  became  more  sensible  at  some  distance 
from  the  mountain  ;  its  direction  was  from  north  ta  soilth*-  Tiie 
volcano  had  continued  its  flames  and  explosions  ;  and  the  night  be» 
fore,  a  column  of  smoke,  composed  of  globes  as  it  were  piled  on 
each  other,  had  ascended  oyer  the  crater  to  double  the  height  of  tho 
mountain,  as  far  at  least  as  one  could  judge  at  the  distance  of  twenty, 
two  miles,  which  the  yertex  is  in  a  right  line  from  this  city.  Tliit 
remained  the  whole  night  perpendicular,  only  one  of  the  globes  had 
separated  and  lengthened  oat  to  the  westward  from  the  summit* 
Now  and  then  all  the  inside  of  the  column,  and  of  the  lengthened 
outpart,  became  illuminated  by  electric  fire,  which  was  of  a  deep 
red  colour,  and  gradually  went  out  again,  beginning  at  the  bottom. 
In  about  two  seconds.  The  (ire  has  continued  on  the  crater  till 
this  day,  May  8th,  ejecting  red-hot  masses  or  stones,  which  rolling 
beautifully  down  the  cone,  baye  illuminated  this  region ;  some  lay» 
has  run  oyer  from  the  crater  towards  the  W.N.W.  but  without 
haying  force  enough  to  burst  the  sides  or  walls  of  the  yolcano. 
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S.  Smrpriiimg  Skjna  of  Pumiceuion^Mjound/hiUkig  an  ihe  S^m, 

By  John  Dore  •> 

Ob  tka  »d  of  Marchy  1714.5,  at  no^ii,  Mug  is  tka  latUadt  •£ 
35^  30"  aovthy  aod  longitude  4''  0"  west,  with  Tariation  a"*  lO'  W. 
Aejr  diaecyrered  sereral  pomiee-tteoet  on  the  aea ;  but  not  expect* 
kg  mj  audi  thing  at  that  diBtance  from  the  land,  the  itlanda 
Trirtaa  d'Aconha  being  the  nearest,  which  were  judged  to  bear 
W.  IT*  l</  S.  distance  180  leagues,  they  disfnited  what  it  nfght  be  ; 
vlwn  aboat  one  P.M.  they  took  up  a  piece  in  a  bucket,  which 
oonfnBed  Mr.  DoTe*s  opinion  of  its  being  pumice-stones.  Towards 
alj^  it  was  spread  all  round,  as  far  as  could  be  seen.  Next 
■fliiiiBg  the  pomioe-stones  were  Teiy  thick,  in  drifts,  lying  N.N.E. 
nd  SJS.W.  and  extended  oat  of  sight  from  the  mast  head,  in* 
crcmdng  na  they  ran  to  the  eastward. 

Wednesday  the  $4th  they  continued  their  course  E.S.E.  140 
the  pumice-stones  being  thicker ;  so  that  for  sixteen  hours 
of  the  driflts  were  about  a  cable's  length  broad,  and  so  thick, 
ttaj  could  scarcely  see  the  water  between  them ;  and  there  was 
audi  the  same  breadth  between  the  drifts,  with  sereral  pumice* 
stones  interspersed.  Towards  noon,  they  found  the  pumice  some- 
what tiiinner  :  latitude  37""  35'  S.  and  longitude  1°  4'  W. 

Tluirsday  the  25th,  in  the  eTening,  the  drifts  were  near  as  large 
u  aboTe,  but  towards  next  morinng  they  decreased  much  ;  so  that 
about  noon  they  were  clear  of  the  pumice-stones,  sereral  of  which 
were  as  large  as  a  man's  head.  They  sailed  317  miles  since  they 
first  discorered  them.  They  lay  just  in  the  track  for  ships  onU 
ward  bound ;  and  all  the  ships  that  went  out  the  same  year  and 
since,  who  go  so  far  to  the  southward,  have  fallen  in  with  them* 
In  the  morning  they  tried  the  current,  but  found  none:  and  no 
ground  at  130  fathoms.  At  noon,  latitude  37^  54'  S.  longitude 
OP  38"  E.  they  judged  TrisUn  d'Acunha  bore  W.  S""  31^  N.  Disi^ 
tsnce  956  leagues,  supposing  it  to  lie  In  latitude  97^  y  S.  and  lon» 
gitude  15<*d8' W. 

iPhil.  Trans.  1748. 

1 —  -    - 

•  We  gi?e  this  cttrioiH  article  a  place  here,  ai  the  punfce-itooet  mint  oeces- 
mrily  have  Ihllen  down  in  diowen.— EfiiToa. 
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SECTION   VIII. 


Shouer  of  Fishes, 
By  Robert  Coooy. 

On  Wednesdaj  before  Easter,  anno  1 666^  a  pasture  field  at 
Cranstead,  near  Wrotbam,  in  Kent,  about  two  acres^  which  is  hr 
from  an  J  part  of  the  sea,  or  branch  of  it,  and  a  place  where  are  no 
fish-ponds,  but  a  scarcity  of  water,  was  all  o?erspread  with  little 
fishes,  couceiTed  to  be  rained  down,  there  having  been  at  that  time^ 
a  great  tempest  of  thunder  and  rain  ;  the  fishes  were  about  the 
length  of  a  man's  little  finger,  and  judged  by  all  who  saw  them  to 
be  young  whitings.  Many  of  them  were  taken  up,  and  showed  to 
aereral  persons.  The  field  belonging  to  one  Ware,  a  yeoman,  who  ' 
was  at  that  Easter  Sessions  one  of  the  grand  inquest,  and  carried 
•ome  of  them  to  the  sessions  at  Maidstone  in  Kent,  and  he  showed 
<hem,  among  others,  to  Mr.  Lake,  a  bencher  of  the  Middle  Temple, 
who  had  one  of  them,  and  brought  one  to  London*  The  truth  of 
it  was  ayerred  by  many  that  saw  the  fishes  lie  scattered  all  oyer 
that  field.  There  were  none  in  the  other  fields  acyoining:  the 
quantity  of  them  was  estimated  to  be  about  a  bushel. 

IPhil.  Trans.  I698. 

It  is  probable  that  these  fishes  were  absorbed  from  the  surface  of 
the  water  by  the  electric  suction  of  a  water-spout;  or  brushed  off 
by  the  Tiolence  of  a  hurricane.  The  phaenomenon,  though  sur. 
prising,  has  occurred  in  various  countries ;  and  occasionally  in 
situations  far  more  remote  from  the  coast  than  that  before  us  *• 

lEdiior. 

SECTION    VI. 

On  the  Nature  of  Snow* 

1 .  Configuration  of  its  Crystals, 
By  Dr.  Grew. 

Ip  Aristotle  and  Descartes,  &c.   who  have  written  of  meteors, 
and  amongst  them  of  snow,  have  not  given  a  full  account  of  it,  it  will 

•  For  the  fall  of  aerolites,  or  meteoric  stonei,  tee  chapter  zlf  i.  lectioB  vii. 
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not  be  needlets  to  inquire  farther  of  it.  He  that  will  do  thif,  wilt 
do  it  best,  not  b}'  the  partuit  of  his  fancj  in  a  chair,  bat  with  his  ejea 
abroad ;  where  if  we  use  them  well  fixed,  and  with  caatian,  and 
thb  ia  a  thin,  calm,  and  still  saow,  we  may  by  degrees  observe  : 
Ist«  with  M.Descartes,  and  Mr.  Hook,  that  many  parts  of  snow 
are  of  a  re|[ulair  figure ;  for  the  most  part,  as  it  were  so  maay  littlo 
rowels  or  stars  of  six  points  ;  being  perfect  and  transparent  ice,  at 
soy  we  fee  on  a  pool  or  vessel  of  water.  On  each  of  these  six 
pofaitt  are  set  other  collateral  points,  and  those  always  at  the  saoM 
saglea  as  are  the  main  points  themseires.  Sexty  among  these  ir« 
lagolar  figures,  though  many  of  them  are  large  and  fair;  yet  from 
thase  taking  oor  first  item,  many  others,  alike  irregular,  but  much 
aniller,  may  likewise  be  discorered.  Again,  among  these  not  only 
'regular,  but  entire  parts  of  saow,  looking  still  more  warily,  wo 
diall  percdve  that  there  are  dirers  others,  indeed  irregular,  yet 
cUeiy  the  broken  points,  parcels  and  fragments  of  the  regular 
•lies*  liastly,  that  besides  the  brokeu  parts,  there  are  some  others 
mhidsk  seem  to  have  lost  their  regularity,  not  so  much  in  beiag 
broken,  as  by  Tarions  winds,  first  gently  thawed^  and  then  frozea 
nto  little  Irr^ular  clumps  again. 

From  hence  the  true  notion  and  external  nature  of  snow  seeing 
to  appear,^ Tic.  that  not  only  some  few  parts  of  snow,  but  originally 
the  whole  body  of  it,  or  of  a  snowy  cloud,  is  an  infinite  mass  of 
icicles  regularly  figured  ;  that  is,  a  cloud  of  vapours  being  gathered 
into  drops,  the  said  drops  forthwith  descend ;  on  which  descent, 
meetiog  with  a  soft  freezing  wind,  or  at  least  passing  through  a 
colder  region  of  air,  each  drop  is  immediately  frozen  into  an  icicle, 
shooting  itself  forth  into  several  points  on  each  hand  outward  from 
its  centre:  but  still  continuing  their  descent,  and  meeting  with 
some  sprinkling  and  intermixed  gales  of  warmer  air,  or  in  their 
continual  motion  and  waftageto  and  fro,  touching  upon  each  other, 
some  are  a  little  thawed,  blunted,  frosted,  clumpered,  ofhers 
broken,  but  the  most  clung  in  several  parcels  together,  which  we 

call  flakes  of  snow. 

It  being  known  what  snow  is,  we  perceive  why,  though  it  seems 
to  be  soft,  yet  it  is  truly  hard ;  because  true  ice  ;  seeming  only  to 
be  soft ;  because  on  the  fir>t  touch  of  the  finger  on  any  of  its  sharp 
edges  or  points,  they  insUntly  thaw  ;  otherwise  they  would  pierce 
Sogers  like  so  many  lancets.     Why  again,  though  snow  be 

u4 
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true  ice,  and  so  a  hard  and  dense  body,  yet  very  light ;  becansd  of 
the  extreme  thinness  of  each  icicle  in  comparison  of  its  breadtiu 
Also  how  it  is  white,  not  because  hard  ;  for  there  are  many  soft 
bodies  white ;  but  because  consisting  of  parts  all  of  them  singly 
transparent,  but  being  mixed  together  appear  white ;  as  the  parti 
of  froth,  glass,  ice,  and  other  transparent  bodies,  whether  soft  or 
hard. 

Thus  much  for  the  external  nature  of  snow  ;  let  ns  next  a  litda 
inquire  into  its  essential  nature.  Now  if  we  would  make  a  jadg. 
ment  of  this,  I  think  we  may  best  do  it  by  considering  what  Che 
general  figure  of  snow  is,  and  comparing  the  same  with  such  regular 
figures  as  we  see  in  diners  other  bodies.  As  for  the  figure  of  snow, 
it  is  generally  one,  viz.  that  which  is  above  described:  rarely  of 
different  ones,  which  may  be  reduced  chiefly  to  two  generals,  cir* 
culars  and  hexagonals,  either  simple  or  compounded  togetlier* 
More  rarely,  either  to  be  seen  of  more  than  six  points  ;  but  if  ao, 
then  not  of  eight  or  ten,  but  twelve.  Or  in  single  shoots,  as  ao 
many  short  slender  cylinders,  like  those  pf  nitre*  Or  by  one  of 
these  shoots,  as  the  axle  tree,  and  touching  upon  the  center  of  a 
pair  of  pointed  icicles,  joined  together  as  the  two  wheels.  Or  thf 
same  hexagonal  figure,  and  of  the  same  usual  breadth ;  but  co|iti« 
iraed  in  thickness  or  profundity,  like  the  stone  which  Boetioi 
calls  Astroites.  All  these  I  say  are  rare,  the  first  described  being 
the  general  figure  *• 

iPhif.  Trans.  1675. 

To  determine  the  quantity  of  water  a  given  quantity  of  snow  is 
equal  to,  we  have  an  ingenious  article  in  the  same  journal  from  the 
pen  of  Mr.  Alexander  Brice  of  Kirknewton,  dated  May  13>  1766; 
in  which  he  observes,  that  from  the  end  of  March  1765  to  the  end 
of  September  of  the  same  year,  they  had  very  little  rain  in  that 

part  of  Scotland,  and  less  snow  in  proportion:  the  rivers  weroas 

— — ■-  -        — — ■ 

*  In  an  article  in  a  subsequent  Tolume  by  M.  J.  C.  Beckman,  we  liaTe  the 
following  Dotioe  of  aaothef  variety  in  the  form  of  snow.  On  the  lit  of  March 
last,  there  fell  an  unusual  kind  of  snow*  which  I  considered  with  more  than  or- 
dinary attentiou.  It  had  none  of  the  ordinary  figures,  but  was  made  up  df 
little  pillars,  whereof  some  were  tetragonal,  some  hexagonal,  Tilth  a  neat  barii. 
On  the  top  they  j^rere  somewhat  larger,  as  the  heads  of  columns  are.  Cobi|* 
dering  the  whole  shape,  we  thought  fit  to  giTe  it  the  name  otifix  Cobmtiuffis. 
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tow,  through  the  winter,  u  they  used  to  be  in  the  middle  of  fan. 
mer ;  springs  failed  in  most  places,  and  brewers  and  nuritsters  wen 
obil^ged,  even  in  winter,  to  carrj  their  water  from  a  considerable 
distance. 

In  the  end  of  March  last,  thej  had  a  fall  of  snow ;  and,  as  he 
did  not  remember  to  have  e?er  read  an  accouot  of  such  an  ezperi* 
inent,  he  wished  to  be  able  to  determine,  to  what  qnautitj  of  rain 
ifAs  fall  of  snow  was  equal.  The  snow  had  been  falling  from  fito 
o'clock  the  former  evening,  till  ten  o'cIocIl  neat  day  ;  abont  eleven 
o'doclK  he  measured  the  depth  of  the  snow,  and  found  it  to  be 
.6.3 inches;  he  then  took  a  stone  jug,  holding  about  three  English 
pints,  and  turned  the  mouth  of  it  downwards  on  the  snow  mea» 
sued,  and  where  the  ground  below  was  smooth,  and  hard ;  and  bj 
this  means  he  took  up  all  the  snow  from  top  to  bottom  in  the  jug; 
this  snoif  he  melted  by  the  side  of  a  fire,  and  the  6.2  inches  of  snow 
yielded  six-tenths  of  an  inch  deep  of  water  in  the  same  iug.  After 
emptying  the  jug,  he  dried,  and  weighed  it  in  a  balance,  and  took 
up  the  same  quantity  of  snow  in  it  as  before,  weighed  it  again,  and 
found  the  weight  pf  the  snow  taken  up,  and  from  this  weight  com. 
poted  what  quantity  of  water  it  should  have  produced,  and  found 
that  it  should  have  produced  6-lOths  of  an  inch,  and  1.20th  of  an 
inch  more  ;  he  then  dissol? ed  the  snow,  and  found  that  it  yielded  a 
quantity  of  water  in  the  bottom  of  the  jug,  6'lOths  of  an  inch  deep 
as  iti  the  former  experiment.  The  difference  of  1.20th  of  an  inch 
in  the  depth  of  the  water,  between  the  weight  and  the  melting  of 
the  snow,  was  probably  owing  to  an  exhalation  from  the  jug,  while 
the  snow  was  melting  by  the  fire,  for  he  observed  a  steam  some, 
times  rising  from  it.  A  greater  or  less  degree  of  cold,  or  of  wind, 
while  the  snow  falb,  and  its  lying  a  longer  or  shorter  time  on  the 
ground,  will  occasion  a  difference  in  the  weight,  and  in  the  quan- 
tity of  water  produced,  from  a  certain  number  of  cubic  feet,  or 
inches,  of  snow ;  but  if  he  may  trust  to  the  above  trials,  which  he 
endeavoured  to  perform  with  care,  snow,  newly  fallen,  with  a  mo» 
derate  gale  of  wind,  freezing  cold,  which  was  the  case  of  the  snow 
he  made  the  trials  on,  the  27th  of  March  last,  will  produce  aquan. 
tity  of  water  equal  to  l^lOth  part  of  its  bulk ;  or  the  earth,  when 
covered  with  snow,  ten  inches  deep,  will  be  moistened  by  it  when 
melted,  or  rivers  and  springs  recruited|  as  much  as  if  a  quantity  oC 
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run  had  Mien  tliat  had  cof€red  the  surface  of  the  earth  to  tiM 
depth  of  one  inch* 

IPhil.  Trans.  17M. 

^.  Mode  of  the  Formation  of  Snow. 

The  frequent  changes  of  the  weather  that  have  taken  place  dur- 
ing the  last  winter  *,  having  induced  me  to  direct  my  attention  to 
meteorology;  I  confess,  that  the  manner  in  which  philosophers  ac. 
count  for  some  of  the  phenomena  that  occur,  is  not,  to  me,  altoge* 
ther  satisfactory. 

It  is  not  surprising,  that  electricity  (with  the  immediate  agencj 
of  which  we  are  so  little  acquainted)  should  be  resorted  to^  as  the 
grand  agent  in  all  meteorological  phxnomena.  Accordingly  we 
find,  that  snow,  and  indeed  every  variety  of  weather  we  experience, 
is  considered  to  be  more  or  less  affected  by  the  electric  fluid. 

Snow  is  generally  supposed  to  be  the  vapours  of  the  atmosphere, 
disengaged  by  the  electric  fluid,  and  frozen. 

But  it  appears  to  me,  that  before  we  receive  so  vague  an  ex- 
planation, the  following  questions  might  be  asked : — 

What  are  the  vapours  of  the  atmosphere  composed  of? 

By  what  laws,  and  in  what  manner  does  the  electric  fluid  act, 
either  in  the  formation  of  snow,  or  as  a  component  part  of  it  ? 

I  shall  now  offer  a  few  remarks  to  strengthen  a  supposition  that 
the  electric  fluid  is  not  engaged  in,  or  in  the  least  essential  to  the 
production  or  existence  of  snow* 

By  an  attentive  observation  of  all  the  circumstances  that  have 
attended  the  fall  of  snow,  during  the  last  winter,  I  have,  in  almost 
every  instance,  found  that  it  is  accompanied  with,  or  rather  pre* 
ceded  by  a  change  of  the  wind  ;  and  that  the  wind,  previous  to  the 
fall  of  snow,  blew  from  some  point  between  the  south  and  the 
west ;  and  afterward  from  some  point  between  the  east  and  the 
north-west  +. 

*  If  It  is  observed,  (hat  we  have  sometimes  snow,  without  (he  wind  changinn;  (• 
Any  of  (he  points  above-mentioned,  or,  even  without  a  visible  change  to  «  | 
yet  it  does  not  militate  against  the  following  remarlLs  ;  for  it  has  been  observed 
by  aeronauts,  that  different  strata  of  air  blow  from  opposite  points  at  the  saaie 
time.  Therefore,  notwithstanding  a  south  wind  may  prevail  at  the  surfoce  ef 
Ibe  earth,  a  superior  stiatam  may  blow  from  the  north. 

•  1804. 
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Such  being  the  ftcts,  it  it  not  probable^  that  a  change  of  the  wind 
b  the  cause  of  snow  ? 

Now  let  at  eiamine^  whether  such  a  cause  will  produce  tnch  an 
cfiect. 

Tiie  wfndt  that  blow  from  any  of  the  pointi  between  the  tontb 
and  tiie  wett,  by  coming  from  warm  climates,  and  patting  over, 
perimps,  a  Terj  large  tract  of  water,  where  there  it  a  powerful 
•vaporation  going  on,  must  possess  a  Terj  great  degree  of  huml. 
dtjr,  and  are  most  commonly  of  a  temperature  between  46*  and 
eo*  of  Fahrenheit 

The  winds  which  blow  from  anj  of  the  points  between  the  east 
and  the  north. west^  bj  coming  mostly  from  such  high  latitudes,  and 
patting  over  immente  fields  of  ice,  where  evaporation  is  undoubti 
edly  greatly  impeded,  cannot  be  supposed  to  contain  much  water 
01  solution,  but  must  bring  with  them  very  great  degrees  of  cold. 

Now  let  us  suppose  that  a  north  wind  of  any  temperature  be. 
tween  52^  and  0^  (which  it  generally  is,  in  superior  strata  of  the 
atmotpliere)  meets  a  south-west  wind,  as  before.mentioned,  the 
consequence  will  be,  that  the  intense  cold  which  accompanies 
tiie  former  will  convert  the  water  with  which  the  latter  is  iropreg* 
nated^  into  ice  ;  and  the  instantaneous  application  of  cold  is  pro. 
hably  the  reason  why  snow  is  produced  in  what  we  call  flakes ;  for 
before  the  vapour  can  concentrate  itself  into  large  particles,  or 
drops,  it  is  arrested  by  the  intense  cold. 

In  this  view,  the  formation  of  snow  appears  to  be  a  beautiful 
chemical  phaenomenon ;  for  the  wanner  air,  ha? ing  a  greater  affinity 
for  the  colder  air  than  it  has  for  the  water  which  is  held  in  solution, 
the  water  is  disengaged,  crystallized  by  the  cold,  and  precipitated 
in  the  form  of  snow. 

It  is  generally  observed,  that  it  is  unusually  cold  for  half  an  hour 
or  an  hour  before  the  fall  of  snow,  and  warmer  afterwards.  Might 
not  this  be  accounted  for,  by  considering  that  the  adverse  wind 
must  meet  with  consistence,  in  ejecting  either  a  union  with,  or  a 
passage  through  a  stratum  of  air  surcharged  with  water,  and  con- 
sequently must  be  in  a  great  degree  reflected  back  again,  not  in 
tlie  perpendicular,  but  as  radii  from  a  center,  in  an  oblique  direc* 
tion,  part  of  which  must  descend  to  the  earth.  And  it  will  un. 
doubtedly  be  warmer,  after  the  stratum  of  north  wind  hat  eithet 
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forced  a  paMtga  through  or  effected  a  onion  with  tlie  aooth-west 
wind*. 

Though  I  haye  not,  in  the  preceding  obsenrations,  considered 
the  electric  fluid  as  at  all  essentia!  to  the  production  of  snow,  jH  I 
do  not  deny  the  presence  of  it  That  snow  contains  the  electric 
fluid,  cannot  be  doubted  ;  but  it  does  not  follow,  that  the  hitler  is 
necessary  to  the  existence  of  the  former*  We  know  of  no  sub. 
stance  in  nature,  that  is  imperTious  to  that  subtile  fluid  ;  it  seens 
to  perrade  all  bodies  with  nearly  the  same  facility  as  calorlt. 
Therefore,  though  snow  indicates  electricity,  it  is  probably  no 
more  than  it  has  acquired  in  its  passage  through  an  electrified  at* 
roosphere. 

[JfichofsonU  fof^nutlt 

6BCT10N  X. 

Snow  of  a  Red  Colour. 
1.  Descent  oj  Red  Snow  at  Genoa. 

In  a  communication  from  Signor  Sarotti,  the  Venetian  Resident 
at  Genoa,  to  the  Honourable  Mr.  Boyle. 

On  St.  Joseph's  day^  on  the  mountains  called  Le  Langhe,  tliero 
fell  on  the  white  snow,  that  lay  there  before,  a  great  quantity  ot 
red,  or  if  you  please  of  bloody  snow.  From  which,  being  squeezed, 
there  came  a  water  of  the  same  colour. 

IPhiL  Tran.  1678. 

Although  no  mention  is  here  made  of  any  volcsinic  eruption  in 
the  neighbourhood,  it  is  probable  that  the  cause  of  the  colour  was 
owing  to  some  colorific  material  thrown  forth  ia  the  course  of 
such  a  phaenoraenon.  In  article  4,  of  section  vii.  we  have  already 
noticed  a  descent  of  coloured  rain,  evideptly  deriTing  its  peculiaf 
tincture  from  such  a  cause. 

In  the  following  article,  M.  Saussure  offers  another  opinion,  or 
rather  several  other  opinions,  for  he  seems  by  no  means  to  hare 
satisfied  himself  upon  the  subject.  [Editor. 

•  The  water  ^ves  out  heat  in  congelation.  Vide  Irwine^  Black|  Craw* 
4brd,  ftc. 
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2.  Snow  of  a  Red  Colour  found  in  the  Alp$. 

Whxn  M.de  Sanssnre  explored  monot  Brefen,  for  the  first  time, 
kthe  jear  17fiO,  be  fonod  in  se?eral  places  on  a  declititj  snow 
ifiU  rmnainingy  and  was  not  a  little  surprised  to  see  the  snriace  of 
k,  in  varions  parts,  tinged  with  a  very  lifelj  red  colour.     This 
oiloqr  was  brightest  in  the  middle  of  such  spots  as  had  their  cen- 
tres mofte  depressed  than  the  edges,  or  where  different  planes  €0« 
med  with  snow  seemed  to  be  joined  to  each  other.    When  he 
tnmined  this  snow  more  closelj,  he  remarked  that  its  redness 
proceeded  from  a  yerj  fine  powder  mixed  with  it,  and  which  had 
penetrated  to  the  depth  of  two  or  three  inches,  but  no  farther.     It 
did  uot  appear  that  this  powder  had  come  from  the  higher  parts  of 
tbe  sMunlaitt,  because  some  of  It  was  found  in  places  at  a  const* 
lerable  distance  from  the  rocks  and  much  lower  down ;  and  it 
ippeared  also  that  it  had  not  been  couTeyed  thither  by  the  winds, 
becsBse  it  was  not  disposed  in  stripes  or  in  the  form  of  radii.    The 
■oit  probable  conjecture  therefore  was,  that  It  was  a  production 
of  the  snow  itself,  or  the  remains  of  its  partial  melting  suspended 
tt  its  surface  as  in  a  filtre  when  the  water  passed  throogh  it.  What 
leemed  to  fiifour  this  conjecture  still  more,  was,  that  the  colour 
St  the  edges  of  the  hollow  places  where  little  water  had  sunk 
down  was  extremely  faint ;  and,  on  the  other  hand,  shewed  Itself 
Itronger  in  those  parts  where  the  greatest  quantity  of  water  seemed 
to  haTe  penetrated. 

M.  de  Saussure  took  a  tumbler  full  of  this  snow,  as  he  had  no 
other  Tessel  with  him,  andiield  it  in  his  hand  till  the  snow  melted, 
when  he  soon  saw  the  red  dust  deposit  itself  at  the  bottom.  Its 
colour  then  did  not  appear  so  dazzling  as  before,  and  when  dry  it 
lost  it  entirely :  it  decreased  also  in  quantity,  so  as  almost  to  appear 
nothing. 

Next  year  M.  de  Saussure  ascended  the  Breven,  and  found  on 
it  a  ^antity  of  the  same  kind  of  red  snow,  some  of  which  ho 
squeezed  closely  together  and  put  into  a  large  handkerchief,  but 
before  he  got  home  it  was  entirely  dissolfed  by  the  heat  of  the 
son.  It  was  not,  howeTer,  on  the  Breven  alone  that  he  discoyered 
snow  of  this  kind ;  for  he  found  it  on  all  the  high  mountains  of 
the  Alps,  about  the  same  season  of  the  year,  and  in  simiUr  s  rua« 
lions ;  so  that  he  was  much  surprised  that  authors  who  had  wriiteo 
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respecting  the  Alps,  such  as  Scheucbzer,  had  made  no  meDtion  < 
it.  It  is,  indeed,  true  that  it  is  found  only  in  hollo ws,  where  tl 
snow  lies  deep,  and  at  the  season  of  the  year  when  the  meltiiig 
it  lias  proceeded  to  a  certain  degree ;  for,  when  none  of  the  sdo 
or  when  very  little  of  it  has  been  melted,  the  dust  is  then  in  U 
small  quantity  to  attract  the  eye;  and  if  the  melting  has  procesdc 
too  far,  the  whole  of  the  powder  has  passed  through  with  tl 
water,  and  it  becomes  equally  in?isible.  Besides,  towards  tl 
end  of  the  melting,  a  great  many  foreign  particles  and  impnritie 
couTeyed  thither  by  the  wind,  are  mixed  with  it,  so  that  its  coloi 
is  no  longer  distinguishable. 

In  the  year  1778,  when  M.  de  Saussure  was  on  mount  St«  Bt 
nard,  he  found  a  great  deal  of  (he  same  kind  of  snow.  He  coUedi 
as  much  of  it  as  he  possibly  could ;  and  Mr.  Murrith,  an  ezper 
enced  naturalist,  collected  some  of  it  also ;  so  that  they  were  enaUi 
to  make  someex  perimcnts.  On  account  of  its  great  specific  gniTil] 
M.  de  Saussure  treated  this  red  powder  as  an  earth,  first  with  dl 
tilled  vinegar,  but  he  employed  so  little  that  he  had  no  resuit.  9 
then  boiled  it  in  the  muriatic  acid,  and  obtained  a  solution,  wHd 
when  carefully  distilled  and  filtered^  had  so  brown  a  colour  that  1 
was  quite  at  a  loss  respecting  the  nature  of  this  substanoe.  H 
Aerefore  applied  it  to  the  blow-pipe,  and  observed  that  it  inflame 
with  a  smell  like  that  of  burnt  vegetables. 

This  experiment  induced  M*  de  Saussure  to  digest  forty  grainst 
the  powder  in  spirit  of  wine ;  and  having  filtered  the  solution,  I 
found  that  the  residue  weighed  seven  grains  less:  the  spirit  of  whi 
had  become  of  a  golden  yellow  colour.  He  then  distilled  it  ia 
balneum  maris,  and  the  spirit  of  wine  came  off  perfectly  pan 
An  oily  transparent  matter  of  a  golden  brown  colour,  which  bj  tl 
warmth  of  the  balneum  mariae  had  not  become  dry,  remained  i 
the  bottom  of  the  retort.  This  oily  matter  had  a  smell  like  that  i 
wax,  which  it  emitted  also  when  burning.  The  deposit,  whic 
the  spirit  of  wine  had  not  desolved,  was,  in  regard  to  its  extractiv 
part,  also  inflammable ;  and  the  ashes  which  remained  after  it  wi 
burnt,  though  they  did  not  seem  alkaline,  were  refused  by  tli 
the  blow.pipe  into  a  porous  kind  of  greenish  glass. 

These  experiments  seem  to  prove  that  this  powder  was  a  vegetf 
ble  substance,  and  probably  the  farina  of  some  flower.  M.  d 
Saussure  was  acquainted  with  no  plant  in  Swisserland  that  pre 
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Aeed  red  hrinA  in  >Dch  ■bondRnce  as  to  tinge  thusoow  of  the 

Alp*  nd ;  MpecialljF  when  it  is  coDsidered  that  a  great  i)i-al  of  It 

bs  lost  bef*M  it  can  reach  the  spots  where  tlu  nd  mnv  ii 

But  the  sctlas  of  light,  perhaps,  maj' fi»t  ^*«it  itarad 

»nd  in  K^rd  to  Hi  tpecific  gravity,  that  is  not  inrpririif , 

'fcf  Us  hHig  conlinuance  on  the  aaaw  it  mnRt,  on  aceonnt  of  tiM 

id  slow  meltings,  receive  inch  an  accumubtidii  of  partklM 

1b  biKomi:  doait  and  heavy. 

[.  de  ^DSMtv  ommunlcaMd  his  discoTery  to  M.  Bonnet,  who 
Ivfeed  bim  to  (>xanilnv  the  powder  with  a  microscope,  in  order  (o 
lUicr  It  ejtl.ibil'i!  Ihe  appetimace  of  the  farina  of  flowert. 
to  wtili  iltt?  ;:r>  ite^t  care  and  the  best  glasses,  but  ha  couid 
it(|eo«<-f  (he  le;igt  rc^utaritj  io  Its  form. 
Vlough  M.  df  Sausture  found  this  powder  In  diftiirent  plauei  on 
Alps,  he  however  asks,  whether  it  be  rcry  common,  and 
it  be  found  on  the  high  mountains  in  difTurtnt  countries 
froot  climates,  such,  for  exami»le,  as  ihe  Cordilleras  ? 
queslloiis  deserre  ccrtaiuly  to  be  examined  ;  and  though  it 
Ht  that  this  powder  consists  of  the  farina  of  Uowers,  it  is 
'flbtgather  impossible  that  it  may  bo  an  earth  separated  by  th» 
hielf,  and  possessing  some  inflammable  properties  called 
iM|h  by  the  immediate  action  of  the  ll^ht  and  heat  of  the  sun, 
iM^  tbiues  with  so  much  liveliness  in  the  pure  air  of  tliese  elc. 

ll^'oj/ages  ditni  Ins  jil/tes.  Turn.  HI. — Phil. Mag. 


'  falUiis  Manes  of  detached  nnd  incumbent 
Wilom-heapi  from  the  Summits  of  lofli)  Mountaint. 
K  vast  accumulations  am  Trequenlly  to  be  met  with  in  (he 
^^*hd  their  fall  is  often  accoiopanied  with  niter  ruin  to  *a. 
(  B<)ttag<-s  lliat  lie  below,  which  are  often  buried  aud  lost  be. 
Il  the  ov'Twhtlming  weight.  It  is  not  many  years  sincu  an  in- 
ate  occurred  in  which  a  small  family  was  imprisoned  for  more 
la  a  IbrtiilglK  under  an  avalanche  of  this  kind,  several  hundred 
(t  In  depth  *.     During  the  whole  of  this  period  they  cuntinued 


w 
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in  utter  darkness,  and  supported  themseUes  entirely  by  the  nou 
rishment  afforded  them  by  a  milch  ass,  which  was  fortunatel; 
buried  with  them.  The  cottage  was  destroyed  by  the  crush,  urn 
the  family  would  ha?e  been  destroyed  also,  but  from  the  streugtl 
of  a  powerful  beam  that  supported  the  roof  in  the  very  part  of  i 
to  which  they  retreated. 

These  catastrophes,  however,  are  not  peculiar  to  the  Alps 
they  are  often  experienced  in  Switzerland,  several  parts  of  6er 
many,  and  Italy ;  and  still  more  frequently  in  Savoy,  where  thej 
are  also  larger  and  more  drcadfuL  Some  avalanches  by  the  tmc 
they  leave  behind  are  found  to  be  above  an  hundred  yards  in  dia 
meter.  In  the  year  1695,  one  of  them  fell  upon  the  village  o 
Valmedia,  and  destroyed  eleven  houses,  together  with  as  mail] 
bams  and  stables,  so  entirely,  that  there  scarcely  remained  on 
stone  upon  another.  The  noise  they  make  resembles  a  long  SM 
loud  clap  of  thunder,  and  is  heard  among  the  echoing  rocks  tiii 
mountains  at  several  leagues  distance ;  and  yet  so  rapid  is  tMi 
motion,  that  passengers  have  seldom  time  to  avoid  them. 

The  following  description  from  the  elegant  pen  of  Mrs.  Cliarlotli 
Smith,  has  been  often  realised  : 

Where  clifT}  arise  by  Winter  crown'd. 

And  through  park  gruves  of  pinr  around, 
Down  the  deep  chusins,  the  snow-fed  torrents  foam, 

Within  some  hollow,  sheltered  from  the  s(orm^, 

The  peasant  of  the  Alps  his  cottage  forms. 
And  builds  his  bumble,  h.ippy  home. 

But  absent  from  this  calm  abodo, 

Dark  thunder  gathers  round  his  road, 
Wild  raTes  the  wind,  the  arrowy  lightnings  flash, 

Keturning  quick  the  murmuring  rocks  among, 

His  faint  heart  trembling  as  he  winds  along ; 
Alann*d !  he  listens  to  the  crash 

Of  rifled  ice ! — Oh,  man  of  woe ! 

0>r  his  dear  cot — a  mass  of  snow, 
By  the  storm  severed  from  the  cliff  abore, 

Has  fallen— and  buried  in  its  marble  breast 

All  that  for  him — lost  wretch — the  world  posseat 
His  home,  his  happiness,  bis  love! 

Aghast  the  heart-struck  mourner  stands, 
CUs*d  are  his  eye^— convuIsM  his  hands. 
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0*cni  helaiag  angiiitth  ckecki  hit  lalMOf iog  breath  i 
CriMh*d  by  4eipair*s  intolenble  weight, 
Fraaticv  he  Keeks  the  mwintmio's  giddiest  hright« 

A«d  hcadkwg  seeks  reUef  ia  death. 

One  of  the  moit  miaate  and  extrtordinary  accounti,  howevefi 
of  this  fearful  destructiooy  which  haye  yet  been  published,  occim 
ii  the  following  artide  of  the  Philosophical  Transactions,  commu* 
fticated  by  professor  Bruni,  of  Turin,  to  Henry  Baker,  Esq* 
F.R^.  of  the  date  of  March  10,  175$  ;  and  is  supported  by  the 
ifidal  testimony  of  the  Intendaat  of  the  town  and  province  of 
Citneo. 

In  the  nighboorhood  of  Demonte,  as  in  the  upper  Talley  of 
Stan,  on  the  left  hand,  about  an  honr  and  half  distant  from  the 
lead  lending  to  the  castle  of  Demonte,  towards  the  middle  of  the 
nonntnin,  there  were  some  houses  In  a  place  called  Bergemoletto, 
wUck  on  the  I9th  of  March,  in  the  morning,  (there  bcriog  then 
I  great  deal  of  snow)  were  entirely  overwhelmed^  and  ruined  by 
two  vast  bodies  of  snow,  that  tumbled  down  from  the  upper 
■sntain.  All  the  inhabitants  were  then  in  their  houses,  except 
eie  Joseph  Rochia,  a  man  of  about  50,  who  with  his  son  a  lad  of 
fifteen,  were  on  the  roof  of  his  house,  endeavouring  to  clear  away  the 
mow,  which  had  fallen  without  any  intermission  for  three  preced- 
ing days.  Whence  perceiving  a  mass  of  snow  tumbling  down  to. 
wsrds  them  from  the  mountain  above,  they  had  but  just  time  to 
get  down  and  flee,  when,  looking  back,  they  perceived  the 
hooses  were  all  buried  under  the  snow.  Thus  twenty-two  persoiu 
were  buried  under  this  vast  mass,  which  was  60  Eni^Ush  feet  in 
height,  insomuch  that  many  men,  who  were  ordered  to  give  them 
all  possible  assistance,  despaired  of  being  able  to  do  tltem  the  least 
service. 

After  five  days,  Joseph  Rochia  having  recovered  of  his  frig^i^, 
and  being  able  to  work,  got  upon  the  sno^,  with  his  son,  and 
two  brothers  of  his  wife's,  to  try  if  they  could  find  the  exact  place 
under  which  his  house  and  stable  were  buried ;  but  though  many 
openings  were  made  in  the  snow,  they  could  not  find  the  desired 
place.  However  the  month  of  April  proving  very  hot,  the  snow 
beginning  to  soften,  and  indeed  a  great  deal  of  it  melted,  this  un« 
fbrtunattf  roan  was  again  encouraged  to  use  bis  best  endeavours  to 
socover  the  effects  he  had  ip  the  house,  and  to  bury  the  remains  oC 
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his  familjT.  He  therefore  made  new  opeaiogi  io  the  inow,  add 
threw  earth  into  them,  which  helps  to  melt  the  snow  and  ice.  On 
the  34th  of  April  the  snow  wa3  greatlj  diminiahed)  and  he  coiu 
ceired  better  hopes  of  finding  ont  his  hoase,  by  breaking  the  ice, 
which  was  six  feet  thick,  with  iron  bars,  and  obserf  ing  the  snow 
to  be  softer  underneath  the  lee,  he  thrust  down  a  long  pole,  and 
Aought  it  touched  the  ground ;  but  the  etentng  coming  on  he  pro» 
eeeded  no  further* 

His  wife's  brother!),  who  lited  at  Demonte,  went  with  Joseph 
And  his  neighbours,  to  work  upon  the  snow,  where  thejr  mndf 
another  opening,  which  led  them  to  the  house  thej  searched  for  ; 
but  finding  no  dead  bodies  in  its  ruins,  the/  sought  for  the  stable, 
which  was  about  240  feet  distant,  and  having  found  It,  they  henrd 
A  cry  of  ^^  Help,  m/dear  brother.*'  Being  greatly  svfprised  as 
well  as  encouraged  by  these  words,  they  laboured  with  all  dili* 
^nce  till  they  had  made  a  large  opening,  through  which  the  bra^ 
Ibers  and  husband  immedhitely  Went  down,  where  they  found  alill 
aIIto  the  wife  about  forty*ftTe,  the  sister  about  thirty  fiyoy  andl  A. 
daughter  about  thirteen  years  old.  These  women  they  tuiaei  oa 
their  shoulders  to  men  above,  who  drew  them  up,  as  it  were  fhMi 
the  grave,  and  carried  them  to  a  neighbouring  house :  they  were 
unable  to  walk,  and  so  wasted  that  they  appeared  like  mere  iba. 
dows.  They  were  immediately  put  to  bed,  and  nourishments  ad« 
ministered.  Some  days  after  the  intendant  came  to  see  them,  msd 
found  the  wife  still  unable  to  rise  from  her  bed,  or  use  her  feet, 
(rem  the  intense  cold  she  had  endured,  and  the  uneaslnets  of  the 
posture  she  had  been  in.  The  sister,  whose  legs  had  been  bathed 
with  hot  vvioe,  could  walk  with  some  difficulty ;  and  the  daughter 
needed  no  further  remedies,  being  quite  recovered* 

On  the  intendant's  interrogating  the  women,  they  told  hitt^  lluit 
their  appetite  was  not  yet  returned  ;  that  the  little  food  they  had 
eaten  (excepting  broths  and  gruels)  lay  heavy  on  their  stomacbey 
and  that  the  moderate  use  of  wine  had  done  them  great  good :  tiiey 
also  gave  him  the  account  that  follows  :  That  on  the  morning  of 
the  10th  of  March  they  were  in  the  stable,  with  a  boy  six  years 
old,  and  a  girl  about  thirteen :  in  the  same  std>le  were  six  goats, 
one  of  which  having  brought  forth  two  dead  kids  the  evening  be* 
fore,  they  went  to  carry  her  a  small  vessel  full  of  gruel;  ther* 
were  also  an  asg  and  fite  or  six  fowls.    They  were  sheiterkif 
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ftemtelTes  in  a  wtm  comer  of  tbe  itable,  till  the  church  bell 
Aould  ring,  hitendhig  to  attend  the  serfice. 

That  the  wife  wanting  to  go  out  of  the  stable  to  kindle  a  Are  hi 
6ie  house  for  her  husband,  who  iTas  then  clearing  away  the  snow 
from  the  top,  she  perceifed  a  mass  of  snow  breaking  down  towards 
the  east,  on  which  she  went  back  Intd  the  stable,  and  shut  the 
door.  In  lest  than  three  minutes  they  heard  the  roof  break  ofe? 
their  heads,  and  part  of  the  ceiling  of  the  stable.  The  sister  ad« 
Tiseii  her  to  get  into  tiie  rack  and  manger,  which  she  did.  The 
iss  was  tied  to  the  manger,  bat  got  loose  bj  kicking  and  stmg. 
gling,  and  though  it  did  not  break  the  manger,  Ic  threw  dowii 
the  little  Tessel,  which  the  sister  took  up,  and  used  afterwards  to 
hold  the  melted  snow  which  served  them  to  drink. 

Very  fortunately  the  manger  was  under  the  main  prop  of  the 
liable,  and  resisted  the  weight  of  the  snow.  Their  &ni  care  wu 
to  know  what  they  had  to  eat :  the  sister  said,  she  bad  in  her 
pocket  fifteen  white  chesnuts :  the  children  said  they  had  break* 
fasted,  and  should  want  no  more  that  day.  They  remembered 
ttera  were  thirty  or  forty  loaves  in  a  place  near  the  stable,  and 
endsntonred  to  get  at  them,  but  were  not  able,  by  reason  of  the 
vast  quantity  of  snow.  On  this  they  called  out  for  help  as  loudly 
ai  they  possibly  could,  but  were  heard  by  nobody.  The  sister 
came  again  to  the  manger,  after  she  had  tried  in  Tain  to  come  at 
the  loaves,  and  gave  two  chesnuts  to  the  wife,  also  eating  two 
herself,  and  then  drank  some  snow  water.  AU  this  while  the  ass 
was  very  restless  and  continued  kicking,  and  the  goats  bleated  very 
much,  but  soon  after  they  heard  no  more  of  them.  Two  of  the 
goats  however  were  left  alive,  and  were  near  the  manger ;  they 
felt  them  very  carefulty,  and  knew  by  so  doing  that  one  of  them 
was  big,  and  would  kid  about  the  middle  of  April ;  the  other 
gave  milk,  with  which  they  preserved  their  lives.  The  women 
aflBrmed,  that  during  all  the  time  they  were  thus  burled,  they  saw 
not  one  ray  of  light ;  yet  for  about  twenty  days  they  had  some 
notion  of  night  and  day ;  for  when  the  fowls  crowed,  they  imagined 
it  was  break  of  day :  but  at  last  the  fowls  died. 

The  2d  day,  being  very  hungry,  they  ate  all  the  remaining 
cbesnnts,  and  drank  what  mUk  the  goat  yielded,  which  for  the 
first  days  was  near  a  quart  a  day,  but  the  quantity  decreased  gradu. 
ally.    Tha  third  day,  being  very  hungry,  they  again  endeavoured 
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to  get  to  the  place  where  the  loaves  were,  near  the  stable,  hot 
they  could  not  penetrate  to  it  thfough  the  snow.  Thej  then  re« 
solved  to  take  all  posstbler  care  to  feed  the  goats,  as  very  fortu» 
nately  over  the  ceiKng  of  the  stable,  and  just  above  the  manger, 
there  was  a  hayloft,  with  a  hole  through  which  the  hay  was  put 
down  into  the  rackr  This  opening  was  near  the  sister,  who 
puUed  down  the  hay  and  gptve  it  to  the  goats  as  long  as  she  oould 
reach  it,  which  when  she  could  no  longer  do,  the  goats  climbed 
upon  her  shoulders,  and  readied  k  themselves. 

On  the  siath  day  the  boy  sickened,  complaining  of  most  violent 
pains  in  the  stomach,  and  has  illness  continued  six  days,  on  the  last 
of  which  he  desired  his  mother,  who  all  this  time  had  lleld  him  !» 
her  lap,  to  lay  him  at  his  length  in  the  manger,  where  he  soon 
Alter  died.  In  the  mean  time  the  quantity  of  milk  given  by  the 
goat  diminbhed  daily,  and  the  fowls  being  dead,  they  conM  no 
WMire  distinguish  night  and  day ;  but  according  to  their  calcnlatiott 
the  timo  was  near  when  the  other  goat  should  kid,  which  as  Ihejr 
computed  woi^d  happen  about  the  middle  of  April;  which  at 
length  happened  accordingly.  They  killed  the  kid,  ta  save  the 
milk  for  their  own  subsistence.  Whenever  they  called  tUs  §fMf 
it  would  come  and  lick  their  &ces  and  hands,  and  gave  them  evcij 
day  a  quart  of  milk. 

They  say,  dnring  ail  this  time  hunger  gave  them  but  little  an* 
easiness,  except  on  the  first  five  or  six  days :  that  their  greatest 
pain  was  from  the  extreme  coldness  of  the  melted  snow  water, 
which  Ml  on  them,  and  from  the  stench  of  the  dead  ass,  dt^ 
goats,  fowls,  from  lice,  &c.  but  more  than  all  from  the  very  un» 
easy  posture  they  were  obliged  to  continue  in:  for  though  the 
place  in  which  they  were  buried  was  twelve  English  feet  louf, 
eight  wide,  and  five  high,  the  manger  in  which  they  sat  sqnattiaf 
against  the  wail,  was  no  more  than  three  feet  four  inches  broad. 
For  thirty  .six  days  they  had  no  evacuation  by  stool  after  the  first 
days :  the  melted  snow  water,  which  after  some  time  they  drank 
without  doing  them  harm,  was  discharged  by  urine.  The  mother 
said  she  had  never  slept,  but  the  sister  and  daughter  declared  they 
slept  as  usuaL  The  mother  and  sister  say,  that  on  the  day  they 
were  buried  their  monthly  evacuations  were  upon  them,  but  they 
had  not  the  least  sign  of  them  afterwards. 

lPhil,Trani.Jbi'.i75C. 
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General  Nature  ^  HaiL 

Ws  hkf  alretdj  touched  vpon  the  formation  of  hill,  in  Sec# 
tion  1,  of  the  present  chapter ;  and  ihall  only  add  a  few  Ind* 
dental  remarka.  M.  LIchtenberg,  lo  the  Hanorer  Magatioe 
fbr  Jasaary  1773,  conoelyet  that  hail  depends  on  electridtj, 
perhaps  as  promoting  e? aporation  mnd  cold*  II«  obsenres  that 
It  verj  seldom  hails  at  night:  that,  in  whiter,  snow  is  mnch 
■lore  common  than  hail ;  that  It  often  snows  or  rains  lor  soma 
daji ;  and  then  hails  with  thunder ;  and  that  hall  often  attends 
▼olcank  explosions*.  Most  of  these  circnmstanoes  are  easily 
naderstood,  if  we  consider  that  mnch  of  the  cold  which  congsals 
Ae  hail  is  probably  prodboed  by  eraporation. 

AldinI  carried  the  opinion  of  Lichtenberg  so  fer  as  to  conceive 
Aat  snow  also  derives  its  form  from  electricity.  The  ohsetvation, 
howeser,  upon  which  his  hypothesis  is  founded  has  beesi  dsBitd 
by  Yon  Amim* 

Fimnklfaiaospects  that  hail  is  formeil  in  a  Tery  cold  region, 
Ugh  in  the  atmosphere  f.     But  this  is  not  the  most  popular  hypo. 


In  (be  ensuing  section  we  shall  select  a  few  well.accredited  ac* 
coants  of  hail.stones  of  great  bollL  and  weiglit.  The  largest 
of  which  we  have  any  notice  b  recorded  by  Gilbert  Xf  but  from 
news-paper  authority  only.  It  fell  in  Hungary  in  1808,  and  was 
so  heavy  that  ei^ht  men  were  incapable  of  lifting  it.  In  the 
Fyrenn<;es,  se? eral  of  twenty-three  ounces,  averdupois,  are  well 
known  to  have  fallen  In  1784  ;  a  paper  written  by  the  Abbt 
Maury  was  read  before  the  Royal  Society,  Nov.  22,  1798,  in 
which  he  announces  the  fell  of  hail.stones  or  pieces  of  ioe  in  Ger* 
many,  from  half  an  Inch  diameter  to  eight  pounds  weight. 

[Editob* 


*  See  upon  this  tal^cty  Chap.  zUi.  icct.  Till,  oo  Meteoric  Stonei. 
t  Mancbctter  Msmoin,  ii.  857.  t  >^i*  1^* 
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SECTION    XHl. 

Violent  Hailstorms,  or  accompanied  tcith  Stones  of  unusual 

Size. 

■ 

J.  On  the  Coast  of  Suffolk. 
By  Dr.  Natb.  Fairfax. 

July  17,  1666,  about  ten  in  the  forenoon,  there  fell  »  Tioleni 
ftom  of  htil  about  the  coaat  towns  of  Su&lk.  The  hail  was  small 
near  Yarnonth ;  bat  at  Seokford.haU,  one  hail-stone  was  foond 
by  measure  to  be  nine  inches  about ;  one  at  Melton  eight  inches 
abont ;  at  Snape.btidge  twelve  inches  round.  A  lady  of  Friston 
Hall,  putting  one  of  them  into  a  balance,  found  it  weigh  19  #•  ftdL 
Several  persons  of  good  credit  in  Aldborough  aftrmed  that  aome 
haiUstones  were  full  as  lar^e  as  turkeys'  eggs.  A  carter  had  Mis 
Mad  broken  hy  them  through  a  stiff  felt  hat ;  in  some  places 
his  Imad  Med,  in  othen  bumps  arose ;  the  horses  were  ao  priM 
that  tii^  hurried  away  his  cart  bejFood  all  command.  The  haiU 
stones  seemed  all  white,  smooth  without,  shining  within. 

IPkii.  Trmu.  1667. 

2.  Jt  Lisle  in  Flanders. 

Tnunzfell  in  this  city,  Maj^d,  N.S.  1 6S6,  hail-stones  which 
weighed  from  a  quarter  of  a  pound  to  a  pound  weight  and  more. 
One  among  the  rest  was  observed  to  contain  a  dark  brown  matter 
in  the  middle,  and  being  thrown  into  the  fire,  it  gave  a  very  great 
repoi^.  Others  were  transparent,  which  melted  before  the  ire 
immediately.  This  storm  passed  over  the  citadel  and  town,  and 
left  not  a  whole  glass  in  the  windows  on  the  windward  side.  The 
trees  were  broken,  and  some  beat  down,  and  the  partridges  and 
hares  killed  in  abundance. 

[/<f.  1609. 

3.     Jn  the  Neighbourhood  of  Ckesterj  communicated  in  m 

Letter  from  Mr.  h  alley. 

The  vapour  that  disposed  the  aqueous  parts  thus  to  congeal, 
came  with  a  south-west  wind  out  of  Carnarvonshire,  passing  near 
Snowdon  with  a  horrid  black  cloud,  attended  with  frequent  light. 
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srfttgt  ftnd  thunder.  I  hear  oo  further  of  }t  westward  thui  Ofoi  •/ 
Denbighshire,  where  it  left  St.Asaph  to  the  right,  and  did  nmeh 
dbmage  between  it  and  the  see,  broaking  all  the  windows  on  tiM 
weather  side,  killing  poultry,  lanbs^  and  a  stoat  dog;  and  in  the 
north  part  of  Flintshire  several  people  had  their  heads  broken, 
and  were  grieTOusly  braised  in  their  bofliep*  From  Flintshire  it 
croased  over  the  arm  of  the  sea  that  comes  up  to  Cliester,  and  was 
•bIj  felt  in  Cheshire,  at  the  very  N.  W.  comer  of  the  Peninsula^ 
called  WiralK  between  the  jSstnaria  of  Chester  and  Liverpool,  at 
a  town  called  W.  Kirkby,  where  it  hailed  only  for  three  roinates, 
it  being  on  the  extreme  point  of  it  on  the  right  hand,  but  it  thun* 
dered  dreadfully,  and  was  here  about  three  in  the  afternoon; 
but  the  main  body  of  it  fell  upon  Lancashire,  in  a  right  line  from 
Onaskirk  to  Blackburn,  on  the  borders  of  Yorkshire ;  the  breadth 
of  the  dood  was  about  two  miles,  within  which  comimss  it  did 
incredible  damage,  killing  all  sorts  of  fowl  and  small  creatures,  and 
icvcely  leaving  any  whole  panes  in  any  of  the  windows  where  It 
pnsaed  ;  but,  which  Is  worse,  it  ploughed  up  the  earth,  and  cot  off 
the  Made  of  the  green  corn,  so  as  utterly  to  destroy  it,  the  bail- 
atonei  burying  themselves  in  the  ground ;  and  the  bowling.grecnS| 
where  the  earth  was  any  thing  soft,  were  quite  defaced,  so  as  to 
be  rendered  unserviceable  for  a  time,  The  hail.stones,  some  of 
which  weighed  five  ounces,  were  of  diflferent  forms,  some  sound, 
some  half  round,  some  smooth,  others  embossed  and  crenolated, 
like  the  foot  of  a  drinking. glass,  the  ice  very  transparent  and  hard^ 
but  a  snowy  kernel  was  hi  the  middle  of  most  of  them,  if  not  all; 
the  force  of  Ihclr  fall  showed  they  fell  from  a  great  height.  What  I 
take  to  be  most  extraordinary  in  this  phsenomeoon  is,  that  such  a 
sort  of  vapour  should  continue  undtspcrsed  for  so  lopg  a  tract,  aa 
above  sizcy  miles  together,  and  in  all  the  way  (/fits  passage  occasion 
so  extraordinary  a  coagulation  and  congelation  of  the  watery  clouds^ 
as  to  increase  the  hail.stones  to  so  vast  a  bulk  in  so  short  a  space 
as  that  of  their  fall. 

In  a  subjoined  account  of  the  same  storm  we  are  told  as  follows, 
though  the  correspondent  does  not  mention  the  place  he  writes 
from : 

^<  We  had  only  the  extreme  skirt  of  the  shower  here,  and  there 
tell  uot  above  one  hundred  iiail-stones  in  our  court,  but  they  were 
mach larger  and  harder  than  we  had  ever  seen.  Sobm  measured  about 

M  4 
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five  tnclits  rouud.    Scarcely  any  of  them  was  so  little  as  a  mmket 

bullet,  but  most  of  them  far  larger,  and  of  that  figare.     Some 

indeed  as  large  as  bens'  eggs,  and  of  half  a  poand  weight.     Maajr 

aaa.fowl  and  landJowl  were  killed.'' 

Phil.  Tram.  1697. 

4.  In  Herffordshire. 

By  Mr.  Robert  Taylor. 
At  Hitchin,  on  Tuesday  May  4^  17^79  i^bout  nine  in  themom« 
iog,  it  began  to  lighten  and  thunder  extremely,  with  some  great 
showers  between.  It  continued  till  aboot  two  in  the  afternoon, 
when  on  a  sudden  a  black  cloud  arose  in  the  S.W.  the  wind  being 
£.  and  blowing  hard;  then  fell  a  sharp  shower,  with  some  haU*stoiies» 
which  measured  seven  or  eight  inches  about.  But  the  ezircmity  of 
tba  storm  fell  about  Ofdey,  where  a  young  man  was  killed,  aad 
one  of  his  eyes  struck  out  of  his  head  ;  his  body  was  all  over  black 
With  the  brnises;  another  person  nearer  to  Offley  escaped  with.hia 
Hfe,  but  much  bruised.  In  the  house  of  Sir  John  Spencer,  7000 
quarries  of  glass  were  broken,  and  great  damage  done  to  all  the 
neighbouring  houses  thereabouts.  The  hail  fell  in  such  vast  qaao. 
titles,  and  so  great,  that  it  tore  up  the  ground,  split  great  oaki 
and  other  trees,  in  great  numbers ;  it  cut  down  grej^t  fieldf  of 
rye^  as  with  a  scythe,  and  has  destroyed  several  hundred  acret  of 
wheat,  barley,  &c.  insomuch  that  they  plough  it  up,  and  sow  it 
with  oats  :  the  tempest  was  such  uhen  it  fell,  that  in  four  poles  of 
land,  from  the  hills  near  us,  it  carried  away  all  the  staple  of  the 
{and,  leaving  nothing  but  the  chalk.  I  was  walking  io  mj 
garden,  which  is  very  small,  about  thirty  yards  square^  and 
before  I  could  get  out,  it  took  me  to  my  knees,  and  was  through 
my  house  before  I  could  get  in,  which  was  in  the  space  of  a  mi- 
nute, and  went  through  all  like  a  sea,  carrying  all  wooden  thiogt 
like  boaU  on  the  water,  the  greatest  part  of  the  town  being  nnder 
this  misfortune.  The  size  of  the  hail. stones  is  almost  incredible; 
they  have  been  measured  from  1,  to  13  and  14  inches  about  Thdr 
figures  various,  some  oval,  others  round,  others  pointed^  soaie 
flat*. 

lid.  1W7. 


•  Tkcre  if  a  subjoined  ar coant  of  a  slnnilar  stom  in  the  tame  conntj,  Im 
JaDel69Tt  dorioic  which  the  stones  that  fell,  iipoo  being  oicasiirpd,  prated 
abttfo  nine  inches  in  conposs.  [Eoiioa* 
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CHAP.  XL. 

ON  WIMDf  OR  ATMOSPUBRXCAL  CURREMTt. 

SECTION  I. 

General  Remurki  on  the  Nature  and  Origin  of  Windi^  Tradem 
windiy  Monsoonsy  partial  IFinds^  and  Hurricanes^ 

JN  o  phenomenon  in  meteorology  has  more  engaged  the  attention 
of  sen  ofobsfrTation  than  the  win^^g,  or  those  currents  which  ao 
often  disturb  the  tranquillity  of  the  atmosphere.  The  subject  is 
not  only  curious,  but  highly  interesting ;  for  upon  their  dIrectioR 
•lul  force  na? igation  in  a  great  measure  depends ;  tha  temperatare 
of  dimates  is  greatly  influeoced  by  them  ;  and  they  are  absolntelj 
Mccasaiy  to  preserfe  the  salubrity  of  the  atmosphere.  To  l>e  ac 
qvainted  with  the  laws  by  which  they  are  regulated,  and  io  be  aUo 
to  calculate  beforehand  the  consequences  of  these  laws,  lias  been 
in  eyerv  age  the  eager  wish  of  philosophers*  But  whether  it  luft 
been  owing  io  an  improper  method  of  studying  this  subject,  or  to 
its  lyini^  beyond  the  reach  of  the  human  faculties,  philosophers  hare 
not  mac)e  that  progress  iu  it  which  the  sanguine  imaginations  of 
some  individuals  led  them  to  expect.  Many  discoveries  indeed 
have  been  made  ;  aud  from  the  numbers  and  the  genius  of  the  phi- 
losophers at  present  engaged  in  this  study,  others  equally  important 
may  be  expected.  But,  notwithstanding  this,  many  of  the  pfaenou 
mens  remain  unexplained,  and  a  rational  and  satisfactory  theory 
seems  still  beyond  our  reach.  1  shall  in  this  section  give  as  completa 
a  detail  as  possible  of  the  natural  history  of  the  winds  in  the  dif. 
ferent  parts  of  the  world,  and  then  consider  how  they  may  be  ex- 
plained* 

As  the  winds  are  much  more  regular  between  the  tropics  than  in 
tiie  temperate  cones,  it  will  be  proper  in  the  first  place  to  begin 

with  them. 

In  those  parts  of  the  Atlantic  and  Pacific  Oceans  which  lie 
nearest  the  equator,  there  is  a  regular  wind  during  the  whole  year 
called  the  trade^wind.    On  the  north  side  of  the  equator  it  blows 


186         ON  TBE  R4TUAS  AND  OHIOIN  Of  Wlll0t. 

from  the  norUuaut,  Tuying  frequenOf  ft  point  or  two  towftrdt  tlio 
north  or  east ;  tnd  on  the  south  side  of  it,  from  the  sonth-emst,  chftng* 
log  sometimes  in  the  same  manner  towards  the  south  or  east.  The 
gpaoe  included  between  the  second  and  fifth  degree  of  north  Jati* 
tude  is  the  internal  limit  of  these  two  winds.  There  the  winds  can 
neither  be  said  to  blow  from  (he north  nor  the  south;  calms  are 
frequent,  and  violent  storms.  This  space  raries  a  little  in  iatitode 
as  the  sun  approaches  either  of  the  tropics. — In  the  Atlantic  Ocean 
the  trade-winds  extend  iarther  north  on  the  American  than  on  the 
African  coast ;  and  as  we  admnce  westward,  they  become  gra. 
dually  more  easterly,  and  decrease  in  strength*.  Their  force  di- 
minishes likewise  as  we  approach  their  utmost  boundaries.  It  hat 
been  remarked  also,  that  as  the  son  approaches  the  tropic  of  Can* 
eery  the  south,  east  winds  become  gradually  more  southerly,  and  the 
north-east  winds  more  easterly  :  exactly  the  contrary  takes  place 
when  the  sun  is  approaching  the  tropic  of  Capricorn  f  • 

The  trade- wind  blows  constantly  in  the  Indian  Ocean  from  the 
10th  degree  of  south  latitude  to  near  the  SOth :  but  to  the  north, 
ward  of  this  the  winds  change  every  six  months,  and  blow  dlrectljr 
opposite  to  their  former  conrse.  These  regular  winds  are  cnllod 
mon84H)nSy  from  the  Malay  word  mooisin^  which  signifet  <<  ft  sen* 
mmt"  When  they  shift  their  direction,  Tariable  winds  and  tIo. 
lent  storms  succeed,  which  last  for  a  month  and  frequently  longer; 
ind  during  that  time  it  is  dangerous  for  vessels  to  continue  at  wm* 

The  monsoons  in  the  Indian  Ocean  maybe  redaced  to  two; 
one  on  the  north  and  another  on  the  south  side  of  the  eqnator ; 
"which  extend  from  Africa  to  the  longitude  of  New  Holland  and  tiio 
oast  coast  of  China,  and  which  suffer  partial  changes  in  paiticolftr 
places  from  the  situation  and  inflection  of  the  neighl>ouring  conn* 
fries* 

1.  Between  the  3d  and  10th  degrees  of  south  latitude  the  aoatib 
east  trade-wind  continues  from  April  to  October ;  bnt  during  fl» 
rest  of  the  year  the  wind  blows  from  the  north-west  §•  BctwoMi 
Samatrft  and  New  Holland  this  monsoon  blows  from  the  sonth 
daring  our  summer  months,  aipproaching  gradually  to  the  fonth* 
east  as  we  advance  towards  the  coast  of  New  Holland ;  it  changes 

•  Dr.  Ralley,  Phil.  Tram.  Abr.  vol.  il.  p.  134.        f  Ibid. 

^  FocMt'ft  Vpjage,  p.  05.        ^  Dr.  HaUey»  Phil.  Traas.  Abr.  vol.  ii.  p,  130. 
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•boat  Uw  end  of  irpttmber,  mm!  cpntiDvet  m  O*  impttift  dirgoli— 
till  Aprii*.  Betwff^ea  Africa  and  Madagaacar  to  diraeticNi  b  ia. 
flucocad  bf  tba  coatt;  ibr  it  blaws  fron  tha  nortluaaal  ttom 
Ocaober  to  AprUy  and  dariof  tba  rait  of  tba  jear  from  tba  loatfu 
westf. 

2.  Oyer  aH  tba  Indian  Ocaan,  to  tba  nortbward  of  tbo  M  da* 
grotf  of  loutb  latitude^  tba  north-aast  trade-wind  blows  from  Oc- 
tober to  April,  and  a  tontb^wett  wind  from  April  to  October  %. 
From  Bomeoy  along  tba  eoast  of  Malacca  and  as  far  aa  Cbina,  thb 
monsooa  in  summer  blows  nearly  from  the  soiitb,  and  in  winter 
from  tba  nortb  by  east  ^.  Near  the  coast  of  Africa,  between  AIop 
xambiqoe  and  Cape  Guardefan,  the  winds  are  irregular  during  tim 
jabole  year,  owing  to  the  diiferenf  monsoons  which  snrroond  that 
pnrticnlar  place.  Monsoons  are  likewise  regular  in  the  Hed  SeO) 
betwA<*n  April  and  October  they  blow  from  the  north-west,  and 
daring  tbe  oth«>r  months  from  the  sonth.east,  keeping  constantljr 
paralial  to  tbe  coast  of  Arabia  ||. 

Monsoons  are  not  altogether  confined  to  the  Indian  Ocean ;  on 
tba  coast  of  BraaiJ,  between  Cape  St.  Augustine  and  the  island  of 
St.  Catfaeriiiey  the  wind  bloars  between  September  and  April  from 
tbe  east  or  north-east,  and  between  April  and  September  from  tba 
aoutb-waitl.  The  bay  of  Pdnama  is  the  only  place  on  the  west 
side  of  a  great  continent  where  the  wind  shifts  regularly  at  different 
seasons  :  there  it  is  easterly  between  September  and  March;  bat 
between  March  and  September  it  blows  chiefly  from  the  south  and 
soatb-west. 

Sttcb  in  general  is  the  direction  of  the  winds  in  the  torrid  zona 
all  over  the  Atlantic,  Pacific  aod  Indian  Oceans ;  but  they  art 
sobject  to  particular  esceptions,  which  it  is  proper  to  enumerata. 
On  the  coast  of  Africa,  from  Cape  Bayador  to  Cape  Verde,  tba 
winds  are  generally  north-west;  from  heuce  to  the  island  of  St* 
Tbomaa  near  the  equator  they  blow  almost  perpeiirJiculor  to  tba 
sbofo,  bending  gradually  as  we  adraoce  southwards,  first  to  the 


•  Dr.  Haltey,  Phil.  Tmnf.  Abr.  toI.  ii.  p.  JS6. 

*  Bracr'a  Tra»ei»,  vol.  i.  p.  459. 

X  Dr.  Halt«y»  Phil.  TnnM.  Abr.  toI.  ii.  p.  IK. 

S  Dr.  llalley,  ibid. 

I  Bmce's  TraTels,  rol.  I.  ch.  4. 

t  Sir  Walter  Half ifh>  Yoyage.    Forait*!  Voyage ,  p.  97. 
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wetl  tnj  tkeii  to  6m  footb-west*.  On  the  coast  of  New  Sptin 
Kbewite,  from  Callfornim  to  the  bay  of  Piinaiiia,  the  wiods  blow 
•liBOct  constantly  from  the  west  or  sonth-west,  except  during  Majy 
June,  and  Jnlj,  when  land* winds  prerail/  called  by  the  Spaniards 
popoga^oi.  On  the  coast  of  Chili  and  Pern  f ,  from  W  or  SO  de. 
grees  south  latitude  io  the  equator,  and  on  Ae  parallel  coast  of 
Africa,  the  wind  blows  during  the  whole  year  from  the  south,  Ta» 
rying  according  to  the  direction  of  the  land  towards  which  it  fau 
clines,  and  extending  much  farther  out  to  sea  on  the  American  than 
the  African  coast.  The  trade. winds  are  also  interrupted  sometimes 
by  westerly  winds*  in  the  Bay  of  Campeachy  and  the  Bay  of  Hon* 
dnras. 

As  to  the  countries  between  the  tropics,  we  are  too  little  ac« 
quainted  with  them  to  be  able  to  gire  a  satisfactory  history  of  their 
winds. 

In  all  maritime  countries  between  the  tropics  of  any  extent,  the 
wind  blows  during  a  certain  number  of  hours  erery  day  from  the 
sea,  and  during  a  certain  number  towards  the  sea  from  the  land; 
these  winds  are  called  the  tea  and  land  breezes.  The  sea.breese 
generally  sets  in  about  ten  in  the  forenoon,  and  blows  till  six  In  the 
erening ;  at  seren  the  land-breeze  begins,  and  continues  till  eight 
in  the  morning,  when  it  dies  away  %.  During  the  summer  the 
sea-breeze  is  Tery  perceptible  on  all  the  coasts  of  the  Moditerra* 
nean  Sea  §,  and  even  sometimes  as  far  north  as  INf orway  H . 

In  the  island  of  St*  Lewis  on  the  coast  of  AfHca,  in  1(1*  north 
latitude,  and  15*  west  longitude,  the  wind  during  the  rainy  season, 
which  lasts  from  the  middle  of  July  to  the  middle  of  October,  Is 
generally  between  the  south  and  east ;  during  the  rest  of  the  year 
it  is  for  the  most  part  east  or  north-east  in  the  morning  ;  but  as  the 
sun  rises,  the  wind  approaches  gradually  to  the  north,  till  about 
noon  it  gets  to  the  west  of  north,  and  is  called  a  $ea.bretz€. 
Sometimes  it  shifts  to  the  east  as  the  sun  descends,  and  continues 
there  during  the  whole  night.     In  February,  March,  April,  M^J^ 

•  Dr.  HaHey,  Phil.  Traoi.  Abr.  toI.  2,  p.  136. 

f  Sir  Walter  Raleigh's  Voyage.— Dr.  Garden,  Phil.  Trans.  Abr.TOl.  ii.  p.  ISS* 

X  Mardcn's  Hist,  of  Sumatra,  p.  1 7.— Biiffbn's  Nat.  Hist.  toL  i.  p.  385. 

5  VolDcy*8  Travels. 

I  Pontoppidan's  Natural  History  of  Norway, 
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and  JuoC|  it  blows  almost  conslaoilj  between  the  north  and  weit*« 
In  the  island  of  Balama,  which  lies  likewise  on  the  west  coast  of 
Aiirica,  in  tlie  1 1th  degree  of  north  latitude,  the  wind  during  nino 
months  of  the  year  blows  from  the  south«west ;  but  in  Norember 
nnd  December  a  very  cold  wind  blows  from  the  north-east  f. 

In  the  kingdom  of  Bornou,  which  lies  between  the  iCth  and 
SOdi  degree  of  north  latitude,  the  warm  season  Is  introduced  abont 
the  middle  of  April  by  sultry  winds  from  the  south-east^  which 
bring  along  with  them  a  deluge  of  raiu  j;.  ]n  Feszan,  which  is 
wtanlfd  Bhout  the  26th  degree  of  north  latitude  and  the  35th 
degree  of  oast  longitude,  the  wind  from  May  to  August  blows  from 
the  east,  south-east,  or  south-west,  and  is  intensely  hot  §• 

la  Abyssinia  the  winds  generally  blow  from  the  west,  north, 
west,  north^  and  north-east.  During  the  months  of  June,  July^ 
August,  September,  and  October,  the  north  and  north  east  winds 
iilow  almost  constantly,  especially  in  the  morning  and  eyenlng ; 
and  during  the  rest  of  the  year  they  are  much  more  fr«:quent  than 
any  other  winds  ||. 

At  Calcutta,  in  the  province  of  Bengal,  the  wind  blows  during 
January  and  February  from  the  south.west  and  south  i  in  March^ 
April,  and  May^  from  the  south ;  in  June,  July,  August,  and  Sep. 
terober,  from  the  south  and  south-east ;  in  October,  November, 
and  December,  from  the  north. west  f  •  At  Madras  the  most  fre* 
quent  winds  are  the  north  and  northeast.  At  Tivoli  in  St.  Do* 
mingo,  and  at  lies  de  Vaches,  the  wind  blows  oftenest  from  the 
south  and  south-east**.  From  these  facts  it  appears,  that  in  most 
tropical  countries  with  which  we  are  acquainted,  the  wind  gene, 
rally  blows  from  the  nearest  ocean,  except  during  the  coldest 
months,  when  it  blows  towards  it. 

In  the  temperate  zones  the  direction  of  the  winds  is  by  no  means 
lo  regular  as  between  the  tropics.  Even  in  the  same  degree  of  la- 
titude we  find  them  often  blowing  in  different  directions  at  the 
same  time  ;  while  their  changes  are  frequently  so  sudden  and  so 

•  Dr.  Schotte,  Phil.  Trans,  vol.  Ixx.  art.  S5. 

f  P.  Beaver,  Esq.    See  Map  in  Wadstrom's  Essay  on  Colonization. 

f  African  AHOciatioo,  p.  800.  §  Ibid. 

y  Bnice*s  Travels,  vol.  i v.  p.  651. 

1  Asiatic  Researches,  vols*  i.  and  ii.  Append. 

••  ?.  Cette,  Jonr.dc  Phys.  1791. 
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•Gtpricioiis,  tkflt  to  account  for  tliem  has  hitherto  been  ^oand  im. 
posAle.  When  winds  are  Tioleot,  and  rontinae  long,  ihvy  ^e» 
neraUy  extend  over  a  large  tract  of  conntry :  and  thi«  is  nnre 
Certainly  the  case  when  they  blow  from  the  north  or  east  than  from 
any  other  points*.  By  the  maUipliration  and  comparit^on  of 
Meteorological  TaMfts,  some  regular  connf  nion  between  the  ch?  ngcs 
of  the  atmosphere  In  difT^rent  places  may  in  time  be  observed,  which 
will  at  last  lead  to  a  satisfactory  theory  of  the  winds  It  is  from 
Inch  tables  chiefly  that  the  fullowiog  fkcts  have  been  collected. 

In  Virginia  the  prerailing  winds  are  between  the  south-west^ 
west,  north,  and  north  west ;  the  most  frequent  it  the  south-weft, 
which  blows  more  constantly  in  June,  July^  and  August,  than  at 
any  other  season.  The  north-west  winds  blow  most  constantly  in 
November,  December,  January,  and  February  f .  At  Ipswich  in 
New  England  the  pre? ailing  winds  are  also  between  the  south-west, 
west,  north,  and  north-east;  the  most  frequent  is  the  north-west |» 
But  at  Cambridge,  in  the  same  prorince,  the  most  frequent  whid  is 
the  south-east§.  The  predominant  winds  at  New  York  are  the  north 
and  west  ||  :  and  in  Nora  Scotia  north- west  winds  blow  for  three, 
fourths  of  the  year  f.  The  same  wind  blows  most  frequently  at 
Montreal  in  Canada ;  but  at  Quebec  the  wind  generally  follows 
the  direction  of  the  River  St  Lawrence,  blowing  either  from  the 
Borth.east  or  south-west**.  At  Hudson's  bay  w^'Sterly  winds  Uoir 
for  three-fourths  of  the  year:  the  north-west  wind  occasions  tho 
greatest  cold,  but  the  north  and  north-east  are  the  vehicles  of 
snow  ++• 

It  appears  from  these  facts,  that  westerly  winds  are  most  frequent 
over  the  whole  eastern  coast  of  North  America;  that  in  the 
southern  provinces  south-west  winds  predominate;  and  that  the 
north-west  become  gradually  more  frequent  as  we  approach  the 
frigid  zone. 

In  Egypt,  during  part  of  May,and  during  June,  July,  August,  and 
September,  the  wind  blows  almost  constantly  from  the  north,  vary. 


•  Derham^B  Phviico-Thcology,  ch.  ii. 

t  Jefferson's  Vir|rinia,  p.  ISS.— Tmnt.  Pbilad.  ii.  art.  10. 

I  Traos.  Amer.  Acad.  i.  SS6.  §  M.Cotte,  Joir.de  Phys.  J79I. 

fl  Ibid.  f  Present  Slate  of  Nova  Scotia  and  Canada,  p.  Sa» 

•»  Cottc,  Jour.dePhyg.  J791. 

tf  PeBDaot's  Sui^pl.  to  Arctic  Zool«  p,4i. 
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ipgiOBwBfliM  b  JtiiM  to  the  wtit,  end  in  July  to  tho  wett  and  tho 
emit ;  dmiog  port  of  Septamber,  and  ia  October  ud  NoTember, 
itm  wiodf  are  Tiriabley  but  blow  more  regiifairlj  from  the  east  than 
anjr  other  quarter ;  in  December,  January,  and  Februarj,  they 
biov  Urom  the  north,  north«weft.  and  west ;  towards  the  end 
of  F^bnaaj  they  change  to  the  south,  in  which  quarter  they  con* 
Hbbo  til  near  the  end  of  March ;  during  the  last  days  of  March 
and  la  April  they  blow  frees  the  south-east,  south,  and  sduth-west, 
and  at  last  horn  the  eeet ;  and  in  this  direction  tiMy  eonthiue  dur- 
ing a  part  of  May  *. 

Is  Ae  Mediterranean  the  wind  blows  nearly  three-fonrths  of 
thtf  year  from  the  north  ;  aliout  the  equinoxes  there  is  always  aa 
easterly  wind  id  that  sea,  which  is  generally  more  constant  in  spring 
than  Jb  autumn  f .  These  olMenrations  do  not  apply  to  the  Gut  of 
Gtlnraltar,  where  there  are  seldom  any  winds  except  the  cast  and 
the  welt.    At  Bastia,  in  the  island  of  Corsica^  the  pretailing  wind 

bOeaouti^westt. 

In  Syria  the  north  wind  blows  from  tlie  autumnal  equinox  to 
Nofcoiber ;  during  December,  January,  and  February,  the  winda 
blow  from  the  west  and  south-west ;  in  March  they  blow  from  the 
|outh.  In  May  from  the  east,  and  in  June  from  the  north.  From 
tills  month  to  the  autumnal  equinoiL  the  wind  changes  gradually  as 
the  sun  approaches  the  equator ;  first  to  the  east,  then  to  the  south^ 
and  lastly  to  the  west  §.  At  Bagdad  the  most  frequent  winds  are 
the  south-west  and  north-west;  at  Pekin,  the  north  and  tiio 
south  I ;  at  Kamtschatka,  on  the  north-east  coast  of  Asia,  ti^  pre* 
Tailing  winds  blow  from  the  west  f . 

In  Italy  the  prefailiog  winds  differ  considerably  according  tp 
the  situation  of  the  places  where  the  obsenratlons  hare  been  made: 
at  Rome  and  Padua  they  are  northerly,  at  Milan  easterly^  All 
that  we  haye  been  able  to  learn  concerning  Spain  and  Portugal  is^ 
that  on  the  west  coast  of  these  countries  the  west  is  by  far  the  most 
common  wind,  particularly  in  summer ;  and  that  at  Madrid  the 
wind  is  nortii-east  for  the  greatest  part  of  tiie  summer,  blowing 


•  Volney'sTniTelt,  i.  58.  f  Ibid,  1. 00  and  85. 

t  Cotle»  Jonr.  dc  Pbyt.  1791.  S  Volocy'i  TraTClt,  i.  396. 

Q  Cottc,  Ibid.  I  PcBiWBt*!  Arctic  Zool*  p.  cxiii. 

••  Cottt,  J«ur.  da  Phyi.  1791. 
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almost  coMteutljr  from  the  P)rr«nQeaB  mooaftaioi*.  At  Bohm  ia 
Switserluid  th«  prerailiiig  winds  are  the  north  and  vest;  atSC 
Gottardy  the  north«east ;  at  Laosannei  ti^  north-west  and  soothe 
westf. 

Father  Cotte  has  giten  ns  the  resnlt  of  observallons  made  at 
elghtjttSaa  differeDt  places  of  France  f ;  from  which  it  appears,- 
that  along  the  whole  soath  coast  of  that  kingdom  the  wind  blows 
most  frequently  from  the  north,  nortluwest,  and  norUueast;  oa 
the  west  coast,  from  the  west,  south-west,  and  nortluwest ;  and  on 
the  north  coast,  from  the  south. west :  that  in  the  fanterior  parts  of 
France  the  south. west  wind  blows  most  .frequently  in  eigliteen 
|daces;  the  west  wind  in  fourteen;  the  north  in  thirteen;  tiio 
south  in  six;  ^the  north-east  in  four;  the  south-east  in  two; 
the  east  and  north-west  each  of  them  in  one.  Oa  the  west 
coast  of  the  Netherlands,  as  far  north  as  Rotterdam,  the  pro. 
Yailing  winds  are  probably  the  south.west,  at  ieast  tills  b  the  case 
at  Dunkirk  and  Rotterdam  f .  It  is  probable  also  that  along  the 
tost  of  this  coast,  from  the  Hague  to  Hamburg,  the  prevailing  winds 
are  the  north-west,  at  least  these  winds  are  tlio  most  frequent  at  tlm 
Hague  and  at  Franeker  f  •  The  preyailing  wind  at  Delft  is  the  south- 
east ;  and  at  Breda  the  north  and  the  east  f  • 

In  Gerraany^the  east  wind  is  most  frequent  at  Gottingen,  Mo. 
ttich,  Welssemburgh,  Dusseldorf,  Saganum,  Erford,  and  at  Boda 
tn  Hungary ;  the  sonth-east  at  Praguejaud  Wurtzburg ;  the  north- 
east at  Rallsbon ;  and  the  west  at  Manheim  and  Ikriin  f  • 

FroBi  an  average  of  ten  years  of  the  register  kept  by  order  of 
Royal  Society,  it  appears  that  at  London  the  wind  blows  in  tlie 
following  order : 

Windi.                                     Pays.  Winds.                                     DiKyt. 

.fiouth.west 1 1«    South-east 9% 

North-east   58    East M 

North-west 50    South. 18 

West 63    North  16 

I 

It  appears  from  the  same  register^  that  the  south-west  wind  blows 
at  an  average  more  frequently  than  any  other  wind  during  every 


•  BeluiB*<  Hilt,  of  Wiadiftp.  I ^S.        f  Coltc,  Jear.  de  Phy.  1791. 


ttMmdi.ef  die  year,  and, that  it  blows  longest  ia  Jalj  and  Angast; 
ttat  die  aortlhaast  Mows  most  constantlj  daring  January,  Marcli, 
April,  May,  and  June,  and  most  seldom  daring  Febrairy,,  July, 
Saptembery  and  DecemlMr ;  and  that  tfie  north-west  wind  blowa 
oflMier  from  Nofember  to  March,  and  more  seldom  during  Sep- 
tember and  October  than  any  other  months.  The  soath-west 
wladi  are  also  moat  frequent  at  Bristol^  aod  neit  to  them  are  the 
Bora-eaac^* 

Tbe  feflowing  Table  of  the  winds  at  Lancaster  has  been  drawn 
np  fewm  a  regbter  kept  for  seren  years  at  tliat  place  f  • 

Wiaik  Bays.  Windi^  t}nyu 

So«yu«eat n  Soath«east. S6 

North-eaat • 07  North  SO 

Sontfa, '•$!  North-west M 

Wcat.*^ ; ;.47  East IT 

^Dm  fbilowing  Table  is  an  abstract  of  nine  years  obserrations 
at  Dnmliriea  by  Mr.CopIand  |., 


Wiodi.                                   Days.  Windf.                                        Daysi 

South , 83|  North...... 4.  ••»«...«  ..361 

West   ^69      North-west. 25| 

East    • •  • .  68       South-east 1 8f 

South-west  • •« 50^     North-east 144' 

The  following  Table  is  an  abstract  of  seyen  years  observations 
made  by  Dr.  Meek  at  Cambuslang  near  Glasgow  §. 

Windf.  Days.      Winds.  l>ayf« 

Southwest 174    North-east 104 

North-west 40     South-east    47 

It  appears  from  the  register  from  which  this  Table  was  extracted 
tllat  the  north-east  wind  blows  much  more  (jrequently  in  April,  May, 
and  June,  and  the  south-west  in  July,  August,  and  September, 
than  at  any  other  period.'   The  south-west  is  by  far  the  most  fre« 


•  Phil.  Titan.  Izvu  9.  t  Ihid. 

t  Miuicbcftcr  Trans,  iv.  9S4.     S  Statistical  Accoont  of  Scotland,  v*  S45. 

TOL,  IT.  O 
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qaentwlnd  all  over  Scotland,  especially  on  the  wett  eoaiC.  Af ' 
Saltcoats  in  Ayrshire,  for  instance,  it  blows  tin-eewfonrtte  of  die 
year ;  atnd  along  the  whole  coast  of  Murray,  on  the  north-east  side  of 
Scotland,  it  blows  for  two-thirds  of  the  year.  East  winds  are  oon- 
mon  all  over  Great  Britain  dormg  April  and  May  ;  bnt  dutfr  in. 
ivence  is  felt  most  severely  on  the  eastern  coast. 

The  following  Table  exhibits  a  riew  of  the  nnmber  of  days  dnriq^ 
which  the  westerly  and  easterly  winds  blow  in  a  year  at  diflerent 
parts  of  the  island.  Under  the  term  westerly  mn  indoded  the 
north-west,  west,  south- west,  and  sonth ;  the  term  ea#lerl^  is  taken 
in  the  same  latitude. 


Wii 
Westerly. 


TeanofI 
Obsenr. 


L 


10 

7 
61 

9 
10 

7 
8 


Places 


London  •••••••••••••••••••, 

Lancaster   •--••••••-..•--... 

Lirerpool*  •-•••-—,••••••  •  • . 

Dumfries. 

Branxholm,  44  miles  southawest 

ofBerwickf 

Cambuslang    ,. 

HawUiilly  near  Edinburgh  {•  •  •  • 


Mean 


IWD. 


333 
910 
190 
M7'5 

333 
314 
339*5 


330-3 


Eileriy. 


133 
149 
176 
137*6 

133 
161 
136*6 


144*7 


In  Ireland  the  south. west  and  west  are  the  grand  trade-winds, 
Uowing  most  in  summer^  autumn^  and  winter,  and  least  in  spring. 
The  north-east  blows  most  in  spring,  and  nearly  double  to  what  it 
does  in  autumn  and  winter.  The  south-east  and  north-west  are 
nearly  equat,  and  are  most  frequent  after  the   south-west  and 

west§. 

At  Copenhagen  the  preTailing  winds  are  the  east  and  s(>ttth*east ; 
at  Stockholm,  the  west  and  north  ||.  In  Russia,  from  an  average 
of  a  jegtster  of  sixteen  years,  the  winds  blow  from  November  to 
AprU  in  the  following  order : 

W.     N,W.      E.       S.W.       S.       N.E.       N.     S.E. 
Days    45  36         33  33         20  19  14  13 


•  Manchester  Trans.  It.  f  ^**b*  Trans,  i.  909. 

^  Rutty's  H.ist.  of  the  Weather,.  &c.  in  Dublin. 
I  Cotte,  Jour,  de  Pbyt.  1791. 


t  Ibid. 
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And  doriog  tbeothar  six  montha, 

W.     N.W.     £•      SftW*       Sm       N.E*       N»        S*B* 
Dmjs    S7        «7         10        M         29  lA         »         19 

The  wett  wind  blowi  durfng  the  whole  year  n  dajn ;  the  «orth. 
west  53 1  the  south-west  and  north  50  dajt  emch.  Doring  imn. 
ner  it  is  calm  for  41  days,  and  daring  winter  for  21^  In 
Kor%ay  the  most  frequent  winds  tre  the  south,  the  south. west,  and 
tonth^east  The  wind  at  Bergen  is  seldom  directljr  west,  but  ge. 
scnlljr  south-west  or  south-east ;  a  north. west,  and  espedallj  a 
BMMihi^ast  wind,  are  but  little  known  there f. 

From  the  whole  of  these  fiicts,  it  appears  tlmt  tl^  most  frequent 
winds  on  the  soutii  coasts  of  Europe  are  the  north,  the  north-east, 
and  north-west;  and  on  the  western  coast,  the  south-west:  tlmt 
in  the  bterior  parts  which  lie  most  contiguous  to  the  Atlantic 
ocean,  sonth-west  winds  are  also  most  frequent ;  but  that  easterlj 
winds  prevail  in  Germany.  Westerly  winds  are  also  most  frequent 
oa  the  north-east  coast  of  Asfau 

It  is  probable  that  the  winds  are  most  constant  in  the  south  tem. 
pente  sone,  which  is  in  a  great  measure  covered  with  water,  than 
it  the  north  temperate  zone,  where  their  direction  must  be  fre- 
qientiy  interrupted  and  altered  by  mountains  and  other  causes* 

M.  de  la  Caille,  who  was  sent  thither  by  the  French  king  to 
make  astronomical  observations,  informs  us,  that  at  the  Cape  of 
Cood  Hope  the  main  wipds  are  the  south-east  and  north-west ; 
that  other  winds  seldom  last  longer  than  a  few  honrs ;  and  that  the 
cttt  and  north-east  winds  blow  very  seldom.  The  south-east  wind 
hlows  in  most  months  of  the  year,  but  chiefly  from  October  to  April ; 
the  north- west  prevails  during  the  other  six  months,  bringing  sdong 
^Hh  it  rain,  and  tempests,  and  hurricanes.  Between  the  Cape  of 
Good  Hope  and  New  Holland  the  winds  are  commonly  westerly, 
tad  blow  in  the  following  order:  north-west,  south-west,  west| 
north  {. 

In  the  Great  South  Sea,  from  latitude  30^  to  ^O""  south,  the 

south-east  trade-wind  blows  most  frequently,  especially  when  the 

sun  approaches  the  tropic  of  Capricorn ;  the  wind  next  to  it  in 

frequency  is  the  north-west,  and  next  to  that  is  the  south-west. 

•  Gathric  on  tbe  Climate  of  Rusia^  Edio.  Trans,  ii. 
•f-  Pontoppidan*8  Nat.  Hist,  of  Norway^  ^lart.  i. 

*  McteoKolocical  Tables  at  tbe  end  of  Philip*i  and  White's  VoTacei. 

oQ 
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From  soath  latitude  40^  to  50^  tli«  preTtiling  wind  is  the  north- 
west, and  next  the  south-west.  .  Fram  5Q^  to  610^  the  most  frequent 
wind  is  dso  the  north-west,  and  next  to  it  is  the  west*. 

Thus  it  appears  that  the  trade-winds  sometimes  extend  farther 

into  the  south  temperate  zone  than  Iheir  usual  limits,  ^particularlj 

during  summer;  that  beyond  their  influence  the  winds  are  com- 

^monly  westerly ;  and  that  they  blow  in  the  following  order :  north* 

west,  south-west,  west. 

Such  is  the  present  state  of  the  history  of  the  direction  of  the 
winds.  In  the  torrid  zone  they  blow  constantly  from  the  north- 
east on  the  north  side  of  (he  equator,  and  from  the  south-east  on 
the  south  side  of  it.  In  the  north  temperate  zone  they  blow  mo$t 
frequently  from  the  south* west ;  iu  the  south  temperate  zone  from 
the  north  west,  changing,  however,  frequently  to  all  points  of  the 
compass ;  and  in  the  north  temperate  zone  blowing,  particularly 
during  the  spring,  from  the  north-east. 

As  to  the  Telocity  of  the  wind,  its  variations  are  almost  infinite, 
from  the  gentlest  breeze  to  the  hurricane  which  tears  up  trees  and 
blows  down  houses*  It  has  been  remarked,  that  our  most  yiolent 
winds  take  place  when  neither  the  heat  nor  the  cold  is  greatest ; 
that  violent  winds  generally  extend  over  a  great  tract  of  country  ; 
and  that  they  are  accompanied  by  sudden  and  great  falls  in  the  mer- 
cury of  the  barometer.  The  wind  is  sometimes  very  violent  at  a 
distance  from  the  earth,  while  it  is  quite  calm  at  its  surface*  On 
one  occasion  Lunardi  went  at  the  rate  of  seventy  miles  an  hour 
in  his  balloon,  though  it  was  quite  calm  at  Edinburgh  when  he 
ascended,  and  continued  so  during  his  whole  voyage.  The  fol- 
lowing Table,  drawn  up  by  Mr.  Smeaton,  will  give  the  reader  n 
pretty  precise  idea  of  the  velocity  of  the  wind  in  difi*erent  circum- 
stances f . 


•  Walc'g  Meteor.  Tables.  f  Phil.  Trans.  1759,  p.  165. 
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Miles  pei 

Feel  per 

Perpendicular  Force  on  one  square  Foor,  in 

Hour. 

Second. 

Aferdupois  Pounds  and  Pkrts. 

1 

1-47 

-005 -J 

Hardly  perceptible 

2 

2-93 

-020  > 

Just  perceptible 

3 

4-4 

•044  J 

4 
5 

5-87 
7-33 

-079 
•193 

Gently  pleasant 

10 
15 

14-67 
22- 

•4921 
1-107J 

Pleasant,  brisJiL 

20 
25 

29-34 
36-67 

1-9681 
3-075/ 

Very  brisk 

30 
35 

44*01 
51-34 

4-4291 
6-027/ 

High  wind 

40 
45 

58-68 
66-01 

7-873  1 
9-963  J 

Very  high  wind 

50 

73-35 

12-300 

Storm  or  tempest 

60 

88-02 

17-715 

irreat  storm 

80 

1 17-36 

31-490 
1 

Uurticane 

Hurricane  that  tears  up 

100 

146-7 

49-200  V 

trees  and  carries  build. 

J 

ings  before  it. 

Let  us  now  consider  the  cause  of  these  numerous  currents  in  the 
atmosphere. 

It  cannot  be  doubted  that  the  surface  of  the  earth  under  the  torrid 
zone  is  much  more  heated  by  the  rays  of  the  sun  than  under  the 
frozen  or  temperate  zones,*  because  the  rays  fall  upon  it  much 
more  perpendicularly.  This  heat  is  communicated  to  the  air  near 
the  surface  of  the  torrid  zory?,  which  being  thereby  rarefied, 
ascends ;  and  its  place  is  supplied  by  colder  air,  which  rushes  in 
from  tlie  north  and  south. 

Now  the  diurnal  motion  of  the  earth  is  greatest  at  the  equator, 
and  diminishes  gradually  as  we  approach  the  poles,  where  it  ceases 
altogether.  Every  spot  of  the  earth's  surface  at  the  equator  moves 
at  the  rate  of  fifteen  geographical  miles  in  a  minute  ;  at  the  40°  of 
latitude,  it  moves  at  about  eleven  miles  and  a  half  in  a  minute  ;  and 
at  the  30°,  at  nearly  thirteen  miles.  The  atmosphere,  by  moving 
continually  round  along  with  the  earth,  has  acquired  the  same  de* 
gree  of  motion ;  so  that  -those  parts  of  it  which  are  above  the 
equator  move  faster  than  those  which  are  at  a  distance.  Were  a 
portion  of  the  atmosphere  to  be  transported  in  an  instant  from  ia- 
titade  30°  to  the  equator,  it  would  not  immediately  acquire  the 

o3 
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Telocitj  of  the  equator ;  the  eminences  of  the  earth  therefore  would 
strike  against  it,  and  it  wonld  assame  tlie  appearance  of  an  east 
wind.  This  is  the  case  in  a  smaller  degree  with  the  air  that  flows 
towards  the  equator,  to  snppi j  the  place  of  the  rarefied  air,  which 
is  continnallj  ascending;  and  this^  when  comlnned  with  }ts  real 
motion  from  the  north  and  south,  must  cause  it  to  assume  the  ap* 
pearance  of  a  north-easterly  wind  on  this  side  the  equator,  and  of 
a  south  easterly  beyond  it*. 

The  motion  westward  occasioned  by  this  difference  ifi  celerity 
alone  would  scarcely  be  perceptible^  but  it  is  much  increased  by 
another  circumstance.  Since  the  rarefaction  of  the  air  in  tiie  torrid 
zone  is  owing  to  the  heat  derired  from  the  contiguous  earth,  and 
since  this  heat  is  owing  to  the  perpendicular  rays  of  the  sun,,  tlioso 
parts  must  be  hottest  where  the  son  is  actually  Tertical,  and  ^ns^ 
quently  the  air  oyer  them  must  be  most  rarefied ;  the  contiguous 
parts  of  the  atmosphere  will  therefore  be  drawn  most  forcilrfy  to 
that  particular  spot.  Now  since  the  diurnal  motion  of  the  son  is 
from  east  to  west,  this  hottest  spot  will  be  continually  ahifting 
westwards,  and  this  will  occasion  a  current  of  the  atmosphere  in 
that  direction.  That  this  cause  really  operates,  appears  from  a 
circumstance  already  mentioned :  when  the  sun  approaches  either 
of  the  tropics,  the  trade-wind  on  the  same  side  of  the  equator  as* 
sumes  a  more  easterly  direction,  evidently  from  the  cause  here 
mentioned ;  while  the  opposite  trade-wind,  being  deprived  of  this 
additional  impulse,  blows  in  a  direction  more  perpendicular  to  the 
equator  +. 

The  westerly  direction  of  the  tradie*winds  is  still  farther  increased 
by  another  cause.  Since  the  attraction  pf  the  sun  and  moon  pro* 
duces  so  remarkable  an  efiect  upon  the  ocean,  we  cannot  but  suppose 
that  an  efiect  equally  great  at  least  is  produced  upon  the  atmosphere. 
Indeed,  as  the  atmosphere  is  nearer  the  moon  than  the  sea  is,  the 
efiect  produced  by  attraction  upon  it  ought  to  be  greater.  When 
we  add  to  this  the  elasticity  of  the  air,  or  that  disposition  which  it 
lias  to  dilate  itself  when  freed  from  any  of  its  pressure,  we  cannot 
but  conclude  that  the  tides  in  the  atmosphere  are  considerable. 

•  Thig  cause  of  the  trade-winds  was  first  assigned  by  Hadley  in  1734.  See 
PIri].  Trans.  Abridg.  viif.  900. 

t  ThiftcaiiMwasarBtasBignedby  Dr.HAl)eyinbbemjoothetnMle.wiBdsi 
^d  is  certainly  by  fbr  tbe  ouMt  powerfol  of  aU  the  agents. 
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Kow4iM»  tlMappamit  lUanial  motioo  of  tk«  mom  is  ffon  euC4o 
wott^  the  tidet  most  follow  it  in  the  Miie  «aiiiier,  wad  conie- 
9Miitlj  prodiioea  wwntant  motion  in  the  ntnoqphere  fiwa  emt  to . 
veet*. 

Ail  theee  different  censes  probably  combine  in  the  production  of 
tte  tmde^winds;  and  from  their  being  sometimes  nnitedy  and 
semeHmee  distinct  or  opposite,  arise  ali  these  little  Im^okiities 
whidi  ta%e  place  In  the  direction  and  force  of  the  trade>>windi. 

Sinee  the  great  canse  of  these  winds  is  the  rarefoction  of  the  at» 
•eepheipe  by  the  heat  of  the  sen,  its  ascension,  and  the  coose^nent 
fMshing  in  of  colder  air  from  the  Morth  and  sonth,  tiM  «ntemd 

hoondaryi^f  the  trade-jwinds  must  be  that  parallel  of  tiM  torrU  sone 
which  ie  hottest,  because  there  the  ascension  of  the  rarefied  air  mist 
take  place.  Now  since  the  sun  does  pot  remain  stationary^  bnt  is 
censtnatly  shifting  from  one  tropic  to  the  otter,  we  onght  oatnial^ 
lo  eipect  that  this  bonndary  wonld  eary  together  with  its  ezcitiof 
eaoee  ;  that  thereliKMre  when  the  sun  is  perpendicular  to  the  tropic 
of  Cancer,  the  north-east  trade-winds  would  extend  no  farther 
eonlh  than  north  latitude  29*5* ;  that  the  sooth-east  wind  would 
^extend  as  far  north ;  and  that  when  the  sun  is  in  the  tropic  of 
Ciprioom,  the  very  contrary  would  take  place.  We  haTe  seen^ 
howerer,  that  though  this  boundary  be  subject  to  considerable 
changes  from  this  very  cause,  it  may  in  general  be  considered  as 
fixed  between  the  second  and  fifth  degrees  of  north  latitude. 

Though  the  sun  be  perpendicolar  to  each  of  the  tropics  during 
part  of  the  year,  he  is  for  one. half  of  it  at  a  considerable  distance ; 
so  that  the  heat  which  they  acquire  while  he  is  present  is  mere  than 
h>st  during  his  absence.  But  the  sun  is  perpendicular  to  the  equa- 
tor twice  in  a  year,  and  nerer  farther  distant  from  it  than  ^{* : 
being  therefore  twice  eiery  year  as  much  heated,  and  never  so  much 
cooled  as  the  tropics,  its  mean  heat  must  be  greater,  and  the  atmo- 
sphere in  conseqnence  generally  most  rarefied  at  that  place^  Why 
then,  it  will  be  asked,  is  not  the  equator  the  boundary  of  the  two 
trade-winds?  To  speak  more  accurately  than  we  ha?e  hitherto 
done,  the  internal  limit  of  these  winds  must  be  that  parallel  where 
the  mean  heat  of  the  earth  is  greatest.  This  would  be  the  equator, 
were  it  not  for  a  reason  which  shall  now  be  explained. 

*  nai  came  was  first  assigned  by  P'AIeoibert  in  hit  OisMrtation  on  the  Cause 
of  the  Winds. 
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•     l4  has  been  aiiewn  by  ftstHmomert^  that  the-  orbit  of  the  earth  ia 
an  ellipsii^  and  the  lun  is  placed  In  one  of  the  foci.     Were  this 
orbit  40  be  divided  into-  two  parti  by  a  straight  line  perpeodicalar 
to  the  transverse  axis,  and  pasfiiig  through  the  centre  of  the  smi, 
one  of  tiiese  parts  would  be  less  than  the  other,  and  the  eartii^  daring 
Ita  (Musage- through  this  smaller  part  of  its  orbit,  would  constantly 
be  nearer  the  sun  than  while  it  moTed  through  the  other  portioo. 
Tho  celerity  of  the  earth's  motion  in  any  part  of  its  orbit  is  alwaya 
pn^Knrtioned  to  its  distance  from  the  sun  ;  the  nearer  it  is  to  the 
'Son,  it  moves  the  faster ;  the  farther  distant,  the  slower.    The 
earth  passes  over  the  smaller  portion  of  its  orbit  during  our  winter; 
whidi  must  therefore  be  shorter  than  our  summer,  both  on  account 
of  this  part  of  the  orbit  being  smaller  than  the  other,  and  on  ae» 
eonnt  of  the  iocreased-  celerity  of  the  earth's  motion.    The  dif. 
*l<?reoce,  according  to  Cassini,  is  seven  days,  23  hours,  and  63  mi. 
nntes.    While  it  is  winter  in  the  northern,  it  is  summer  in  the 
iOQthem  hemisphere ;  wherefore  the  summer  in  the  southern  ho» 
mtsphere  must  be  just  as  much  shorter  than  the  winter  as  onr  win* 
ter  Is  shorter  than  our  summer.     The  summer  in  the  northern 
hemisphere  consists  of  186  days  11  hours  and  37  minutes,  while  fci 
the  southern  it  is  only  178  days  18  hours  and  11  minutes.     Tliey 
are  to  une  another  nearly  in  the  proportion  of  15  to  14*3  ;  and  the 
heat  of  the  two  hemispheres  may  probably  have  nearly  the  fomo 
proportion  to  one  another.     The  internal  limit  of  the  trade-winds 
ought  to  be  that  parallel  where  the  mean  heat  of  the  globe  is 
greatest;  this  would  be  the  equator,  if  both  hemiitpheres  were 
equally  hot;  but  since  the  northern  hemisphere  is  the  hottest,  that 
parallel  ought  to  be  situated  somewhere  in  it ;  and  since  the  dif. 
ference  between  the  heat  of  the  two  hemispheres  is  not  great,  the 
parallel  ought  not  be  far  distant  fVora  the  equator. 

The  trade-wind  would  blow  regularly  round  the  whole  globe  If 
the  torrid  zone  were  a)l  covered  with  water.  If  the  Indian  Ocean 
were  not  bounded  by  land  on  the  north,  it  would  blow  there  in  the 
same  manner  as  it  does  in  the  Atlantic  and  Pacific  Oceans.  Land 
is  much  more  opaque  than  water;  it  becomes  therefore  mnch 
warmer  when  both  are  equally  exposed  to  the  influence  of  the  sun. 
For  this  reason  I  when  the  sun  approaches  the  tropic  of  Cancer, 
India,  China,  and  the  adjacent  countries,  become  much  hotter 
than  the  ocean  which  washes  their  southern  coasts.    The  air  over 
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ihtm  bgcoaw  rtreied  uid  ascend,  while  colder  air  rtnhes  in  from 
the  lodiftii  Oceao  to  i apply  its  place.  As  this  cnnrent  of  air  mofei 
fro»  the  eqvator  northward,  it  must,  for  a  reason  already  explained^ 
amnoM  tlie  appearance  of  a  south,  west  wind  ;  and  this  tendency 
eastward  it  increased  by  the  sitoation  of  the  countries  to  which  it 
flows.  Tins  istiie  cause  of  the  south-west  monsoon,  which  blows 
daring  anmmeir  in  the  northern  parts  of  the  Indian  Ocean.  Be. 
tweea  Borneo  and  the  coast  of  China  its  direction  is  almost  due 
Borth^  because  the  country  to  which  the  current  is  directed  lies  nib 
ther  to  tlie  west  of  north;  a  ciroumstance  which  counteracts  its 
ireater  Telocity. 

la  winter,  wlien  tlie  sun  is  on  the  south  side  of  the  equator,  these 
comtriea  JNcone  cool,  and  the  north-east  trade. wind  resumes  Its 
course,  wliich  liad  ic  not  been  for  the  interference  of  these  conn* 
tries,  wottld  hare  continued  the  whole  year. 

Aa  tlie  snn  approaches  the  tropic  of  Capricorn,  it  becomes  almost 
perpendicular  to  New  Holland :  that  continent  is  heated  in  its 
tnm^  tlM  air  orer  it  is  rarefied,  and  colder  air  rushes  in  from  the 
aortii  and  west  to  supply  its  place.  This  is  the  cause  of  the  north, 
west  monsoon,  which  blows  from  October  to  April  from  the  3d  to 
the  10th  degree  of  south  latitude.  Near  Sumatra  its  direction  is 
regulated  by  the  coast :  this  is  the  case  also  between  Africa  and 
Madagascar. 

The  same  cause  which  occasions  the  monsoons  gires  rise  to  tho 
winds  which  blow  on  the  west  coasts  of  Africa  and  America.  The 
air  abore  the  land  is  hotter  and  rarer,  and  consequently  lighter, 
than  the  air  above  the  sea ;  the  sea  air  therefore  flows  in,  and  forces 
the  lighter  land  atmosphere  to  ascend. 

The  same  thing  will  account  for  the  phasnomena  of  the  sea  and 
land  breezes.  During  the  day,  the  cool  air  of  the  sea,  loaded  with 
Tapours,  flows  in  upon  the  land,  and  takes  the  place  of  the  rarefied 
land  air.  As  the  sun  declines,  the  rarefaction  of  the  land  air  is  di. 
minished:  thus  an  equilibrium  is  restored.  As  the  sea  is  not  so 
much  heated  during  the  day  as  the  land,  neither  is  it  so  much  cooled 
during  the  night ;  because  it  is  constantly  exposing  a  new  surface 
to  the  atmosphere.  As  the  night  approaches,  therefore,  the  cooler 
and  denser  air  of  the  hills  (for  where  there  are  no  hills  there  are  no 
sea  and  land  breezes)  falls  down  upon  the  plains,  and,  pressing  upon 
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tba  DOW  conpftratifeljr  UgUer  air  of  the  99^  cftMef  thu  huid* 

Tlie  rarefied  air  which  ascends  between  the  second  and  fifth  de. 
grees  of  north  latitude  has  been  shown  to  he  the  principal  canse  of  the 
trade^winds.  As  this  air  ascends^  it  must  become  gradually  eolder 
and  consequently  bea?ier ;  it  would  therefore  descend  again  If  it 
were  not  buoyed  up  by  the  constant  ascent  of  new  rarefied  air»  It 
most  therefore  spread  itself  to  the  north  and  south,  and  gradually 
BMX  in  its  passage  with  the  lower  air ;  and  the  greater  part  oi  it 
probably  does  not  reach  iar  beyond  the  30%  which  is  the  exteiBid 
limit  of  the  trade.wind.  Thus  there  is  a  constant  circulation  of 
jthe  atmosphere  in  the  torrid  zone ;  it  ascends  near  the  equator^ 
diffuses  itself  towards  the  Jiorth  and  souths  descends  gradnaUy  as  it 
;4>proaches  the  3(fy  and  returning  again  towards  the  equator  pei^ 
forms  the  same  circuit. 

If  the  attraction  of  the  moon  and  the  diurnal  motion  of  the  sun 
hare  any  effect  upon  the  atmosphere,  and  that  they  havo  soae 
effect  can  hardly  be  disputed,  there  must  be  a  real  motion  of  the 
air  westwards  within  the  limits  of  the  trade. winds.  The  ooase- 
quence  of  this  westerly  current  is  an  easterly  current  on  its  aorth 
and  south  side,  as  has  been  demonstrated  by  D^Alembert.  Heace 
jthe  frequency  of  south-west  winds  oTer  the  Atlantic  Ocean  and  the 
western  parts  of  Europe. 

^  Mr.  Kirwan  has  rendered  it  probable  that  the  frequency  of  aonth. 
west  winds  in  our  latitudes,  at  least  during  winter,  is  owing  to  an  (^ 
posite  current,  which  blows  in  the  eastern  parts  of  our  hembphere^ 
between  the  coast  of  Malabar  and  the  Moluccas  during  the  same 
^ason. .  This  northern  wind  must  be  supplied  from  countries  still 
farther  north  to  the  pole,  which  must  be  recruited  in  its  turn  from 
the  countries  to  the  south  of  it  in  the  western  parts  of  our  he* 
misphere  *• 

Our  theory  of  the  rariable  winds  is  still  too  imperfect  to  attempt 
jmy  thing  like  a  satisfactory  explanation  of  them*  They  eTidently 
stamp  the  nature  of  every  dimate^  and  therefore  depend  upon 
causes  which  act  with  uniformity,  notwithstanding  all  their  appa- 
rent irregularity.    They  are  all  intimately  coanected  with  each 

•  Irish  Trans.  Tiii.  400. 
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•dier,  upd  probtUj  succeed  each  other  m  a  certain  order,  though 
that  order  has  not  hitherto  been  observed.  All  that  can  be  doM 
at  present  is  to  oflfer  a  lew  onconnected  remarks. 

Winds  appear  nsoally  to  begin  at  that  point  towards  which  thef 
blow*.  Thef  nttst  therefore  be  owing  to  a  rarefaction  ordia- 
phwfaig  of  tlie  air  in  some  particular  quarter,  either  by  the  action 
^  hent^  or  some  other  canse.  This  is  more  particniarly  the  casa 
whmk  the  wind  blows  with  Tiolence.  Hurricanes  are  uniformljr 
precedlod  by  a  great  fall  of  the  barometer :  and  the  wind  oftea 
iewe  in  e? ery  direction  towards  the  place  where  the  barometea 
stsnda  so  low.  One  would  be  tempted  in  this  case  to  suppose  the 
crideii  decomposition  of  a  portion  of  the  atmosphere.  Strong 
oofth.ea8t  winds  faafe  been  repeatedly  observed  beginning  at  the 
qaarter  towards  which  they  flow.  In  1740,  Dr.  Franklin  was  pre. 
vented  from  observing  an  eclipse  of  the  moon  at  Fhiladelphhi  bj  a 
asrth-eaat  storm,  which  came  on  about  seven  o'clock  in  the  evening. 
He  was  surprised  to  find  afterwards  that  it  had  not  come  on  at 
Boston  till  near  eleven  o'clock:  and  upon  comparing  idl  the  ac 
connti  which  he  received  from  the  several  colonies  of  the  beginning 
of  this  and  other  storms  of  the  same  kind,  he  found  it  to  be  always 
sa  hour  later  the  fiirther  north-east  for  every  100  miles. 

^*  From  hence,'-*  says  he,  ^^  I  formed  an  idea  of  the  course  of  the 
slorm,  which  I  will  explain  by  a  familiar  instance.  I  suppose  a 
long  canal  of  water  stopped  at  the  end  by  a  gate.  The  water  b  at 
rest  till  the  gate  is  opened ;  then  it  begins  to  move  out  through  the 
fate,  and  the  water  next  the  gate  is  first  in  motion,  and  moves  on 
towards  the  gate  ;  and  so  on  successively,  till  the  water  at  the  head 
of  the  canal  is  in  motion,  which  it  is  last  of  alL  In  this  case  all  the 
water  moves  indeed  towards  the  gate  ;  but  the  successive  times  of 
beginning  the  motion  are  in  the  contrary  way,  viz.  from  the  gate 
back  to  the  head  of  the  canal.  Thus,  to  produce  a  north.east 
storm,  I  suppose,  some  great  rarefaction  of  the  air  in  or  near 
the  Gnlf  of  Mexico ;  the  air  rising  thence  has  its  place  supplied 
by  the  next  more  northern,  cooler,  and  therefore  denser  and  heavier 
air;  a  successive  current  is  formed,  to  which  our  coast  and  inland 
mountains  give  a  north-east  direction  f . 

A  similar  storm  was  observed  by  Dr.  Mitchell  io  1802,     It  be. 

«  KirwftD,  ibid.  p.  397.        f  Franklin^s  Pbilosophical  Lectoret,  p.  SH9. 
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gio  at  Chartestown  on  the  2tst  Februarj,  at  two  o'clock  In  tii« 
afternooD ;  at  Washington,  which  lies  sereral  hnndM  miles  to  the 
north-east,  it  was  not  obsenred  till  fire  o'clock  ;  at  New  York  it 
began  at  ten  in  the  erening ;  and  at  Albanjr  not  dll  day.break  of 
the  9M*  Its  motion,  from  this  statement,  was  1100  mUes  in  II 
ftonrs,  or  100  miles  In  an  hour  *• 

A  remarkable  storm  of  the  same  kind,  and  accompanied  by  an 
easterly  wind,  was  obserred  in  Scotland  on  the  8th  of  February 
1799.  It  was  attended  by  a  tery  heayy  fall  of  snow,  and  the  me. 
.Hon  of  the  wind  was  much  slower.  At  Falkirk  it  began  to  snow 
at  nx  in  the  erening  of  the  7th  ;  at  Edinburgh  at  abontone  o'clock 
in  the  morning  of  the  8th ;  and  at  Dunbar  at  eight  o'clock  in  the 
morning.  It  lasted  1 1  hours,  and  did  not  trarel  dbore  100  ndlei 
during  that  time. 

The  north-east  wind  blows  most  frequently  with  us  during  Hm 
spring  months ;  and  from  the  obserrations  made  by  Captain  Cook, 
it  appears  that  the  same  wind  prevails  during  the  same  period  in 
the  Northern  Pacific.  Hence  it  appears  that  at  that  season  the  cold 
air  from  the  north  of  Europe  and  America  flows  into  the  Atlantic 
and  Pacific.  Hence  the  reason  of  its  uncommon  coldness^  dryness, 
and  density. 

It  is  very  common  to  observe  one  current  of  air  blowing  at  the 
surface  of  the  earth,  while  a  current  flows  in  a  contrary  direction 
in  the  higher  strata  of  the  atmosphere.  On  one  occasion  I  even 
observed  three  such  winds  blowing  In  contrary  directions  all  attiie 
same  time.  It  is  affirmed  that  changes  of  weather  generally  begin 
in  the  upper  strata  of  the  air ;  the  wind  which  blows  there  gra* 
dually  extending  itself  to  the  surface  of  the  earth  f . 

Besides  these  more  general  winds,  there  are  others  which  extend 
only  over  a  very  small  part  of  the  earth.  These  originate  from  many 
different  causes.  The  atmosphere  is  composed  of  three  different 
substances,  air,  vapour,  and  carbonic  acid;  to  which  may  be 
added  water.  Great  quantities  of  each  of  these  ingredients  are 
constantly  changing  their  aerial  form,  and  combining  with  Tarioas 
substances ;  or  they  are  separating  from  other  bodies,  assuming 
the  form  of  air,  and  mixing  with  the  atmosphere.     Partial  voids. 


•  Phil.  Mag.  ziii.  272. 

t  DerbamandOfntU.— Kirwao,  InshTrans.vui.401. 
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tberdbfe,  and  partial  acenmalatioDf,  mast  be  contiouaUj  takiog 
place  io  diffifreot  parti  of  the  atmosphere,  which  will  occaaioa 
wiads  varjtng  in  direction,  violence,  and  continuance,  ac. 
cofdlng  to  the  saddenneis  and  the  qoantity  of  air  destroyed  or 
prodoced*  Besides  these  there  are  many  other  ingredients  con. 
stantij  mixing  with  the  atmosphere,  and  many  partial  causes  of 
condenaatipn  and  rarefiiction  in  particular  places.  To  these,  and 
other  caaaes  prohaUy  hitherto  nnknown,  are  to  be  Ascribed  all 
those  winds  which  blow  in  any  place  beside  the  general  ones  alreadj 
fiplaiocd  ;  and  which,  as  they  depend  on  causes  hitherto  at  least 
reckoficd  contingent,  will  probably  for  ever  prerent  uniformity 
tad  regularity  io  the  winds.  All  these  causes,  howerer,  may,  and 
|»foiiabl)r  will,  be  discovered ;  the  circumstances  in  which  they  will 
like  place,  and  the  effects  which  they  will  produce,  may  be  known ; 
sad  whenever  this  is  the  case,  the  winds  of  any  place  may  in  somp 
noasore  be  reduced  to  calculation. 

[^nomson, 

SECTION    II. 

Methodical  Arrangement^  Intensity ^  and  Velocity  of  Windi. 

Thoss  who  would  now  wish  to  be  perfectly  understood,  when 
treating  of  the  winds,  must  preriously  make  a  new  catalogue  of 
them,  including  all  such  as  have  been  lately  discovered,  and  this 
addition  made,  they  may  then  venture  to  enquire  into  their  several 
causes  and  effects. 

In  this  manner  it  is  my  intention  to  proceed  ;  and  to  begin  by 
making  a  new  division  of  those,  with  which  I  am  acquainted,  into 
four  different  classes,  or  rather  genera,  of  which,  the  iirst  excepted, 
there  are  many  different  species. 

The  perennial ;  the  periodical ;  the  topical ;  and  the  general. 

The  perennial,  as  before  observed,  is  the  only  wind  which  blows 
the  same  way  throughout  the  year. 

The  periodical  includes  principally  the  monsoons,  the  Mediter. 
ranean  etesian,  or  periodical  winds,  the  tropical  land  wind,  the 
khumseen,  the  scirocco,  the  long-shore  wind,  the  harmattan,  and 
the  land  and  sea  breezes. 

The  topical  includes  the  sumyel,  the  mistral,  and  the  Bengal 
north  wester,  which  are  all  of  them  irregular,  topical,  and  tempo. 
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nrj,  blowing  alwajrt  flrmn  ilM  same  point  oft  putiodar  piaottii 
•odden  gaits,  but  of  short  dnratioQ. 

Tbe  general  winds  are  those  which  preraal  in  all  parts  of  Ae 
world  beyond  the  tropic,  and  might  witb  oqaal  propriety  l>o  calM 
tariaUe  winds.  Thme  can  only  be  discrhnioated  from  each  other 
by  the  different  degrees  of  ? elodty  with  which  the  current  of  air 
moves/ 

The  tempest  is  both  in  cause  and  efiect  the  same  as  a  hnrricaaS| 
or  whirlwind ;  I  shall  therefore  use  these  words  synonymously,  aid 
plaee  them  in  the  first  order,  or  degree  of  violent  winds. 

Tbe  storm,  of  what  the  English  seamen  call  a  hard  gale,  is  IJHu* 
wise,  I  believe,  nearly  the  same  ;  I  shall,  therefore,  make  nse  d 
the  former  for  the  land,  and  the  latter  for  the  sea  tarm,  and  rediea 
these  in  the  seeond  class :  the  French  also  sometimes  spealL  of  dhi 
orages^  storms,  as  temporary  gusts  of  wind,  or  squalls ;  wUd 
latter,  however,  in  their  own  marine  language  are  called  <<  dfS 
grains  de  vent.'* 

The  gale  has  different  gradations,  as  a  hard  gale  or  storm,  ap« 
proaching  towards  a  tempest,  a  fresh  gale,  and  a  moderate  gale; 
but  the  latter  approaches  towards  a  very  fresh  breeze.  Then  fol* 
lows  a  moderate  breeze,  and  finally  a  gentle  breeze,  which  I  con* 
sider  as  the  slowest  sensible  motion  of  the  air,  not  unappoaitely, 
though  rather  fantastically  described,  by  a  fine  gentleman  sailor  in 
his  journal,  ^^  gentle  breezes  languishing  to  a  calm." 

[^Capper* 

The  force  and  intensity  pf  different  windl  have  been  attempted 
to  be  calculated  with  great  care  and  ingenuity  by  Mr.  Rons.  His 
Tables  have  been  improved  upon,  and  considerably  augmented,  hf 
Dr.  Young,  upon  a  comparison  with  Mr.  Lind's  scale,  and  Wt 
thus  copy  them  In  their  improved  form. 
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Hardly  perceptible.  R. 
Jnit  perceptible.  R, 

Gentle  winds.  R. 

A  feotle  wind.  L. 
Pleaiant  wind.  L. 
Plcannt  brisk  gale.  R. 
Freth  breeze.  L. 
Brisk  gale.  R. 
Very  brisk.  R. 
Brisk  nle.  L. 
Very  brisk*  R. 
Hiffh  wind.  R. 
Hlfsh  wind.  L. 

Very  Mgh.  R. 
Great  storm.  Derfaam. 
Very  high.  L. 
Storm,  or  tempest.  R« 
Storm.  Id, 
Great  storm.  R. 
Great  storm.  L. 
Great  storm.  La  Condamine. 
Very  great  stonn.  L. 
Hurricaae.  R. 
Hurricane.  L. 
Great  bnrricane.  L. 
Very  great  hurricane.  L. 
Most  violent  hurricane.  L. 
Ifnrricane  that  tears  ap  trees  and 
throws  down  buildings.  R. 
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SECTION  III. 

Perennial  or  Trade^windt, 

The  west  coast  of  Africa,  from  Cape  de  Verd  to  two  or  three 
degrees  S.  is  said  to  be  geoerallj  flat  with  a  sandj  ioiJ.  That  part 
of  it,  tlierefore,  which  is  situated  near  the  equator,  must  be  ez« 
cestif  ely  hot  at  ali  seasons  of  the  year,  but  partlcuhirly  about  the 
two  equinoxes.  Within  many  leagues  of  this  coast,  then,  the  sea 
for  nearly  ten  months  of  the  year,  being  much  cooler  than  the  land, 
the  current  of  air  to  restore  the  equiiibrium  must  necessarily  come 
almost  constantly  from  the  westward,  according  to  the  situation  of 
the  sun  and  the  bearings  of  the  land.    Bat  it  will  ftry  seldom  rary 
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moch  from  the  weitern  point  near  this  coast,  eicept  at  the  two 
solstices*  During  the  harmattan,  and  sometimes  at  other  seasooii 
the  wind  will  occasionally  blow,  a  few  hoars  before  daj,  off  the 
land,  a  circumstance  perfectly  well  known  to  all  commanders  ol 
ships  in  the  Guinea  trade,  who  are  generally  obliged  to  stand  mit 
from  th<i  coast,  as  near  as  they  can  to  the  westward  of  N.  or  S« 
according  to  their  destination,  to  catch  the  perennial  winds ;  and 
until  they  reach  them,  they  are  constantly  baffled  by  squalli  and 
calms  accompanied  with  yiolent  thunder  and  lightning,  and  fra> 
quently  they  meet  with  water.spoots* 

On  the  opposite  coast  of  America,  for  the  same  reason^  the  wind 
blows  almost  constantly  towards  the  £•  Tarying  perhajM  a  few  do^ 
grees  N.  or  S.  according  to  the  nature  and  situation  of  the  neigh« 
bmiring  coast,  and  also  to  the  sun's  place  in  the  ecliptic ;  for  M 
this  coast  there  are  likewise  periodical  winds,  a  sort  of  monsoou 
Tarying  from  the  N.E.  to  the  S.K. 

In  that  part  of  Brazil,  which  extends  from  (he  latitude  of  Itfe 
degrees  S.  to  the  tropic,  the  wet  season  begins  in  April,  when  tiM 
wind  changes  to  the  S.£.  with  fresh  gaies  accompanied  with  thunder 
and  lightning.  But  in  September,  when  the  wind  shifts  to  the  N.E. 
it  brings  with  it  a  clear  sky  and  fair  weather.  There  is  no  coantiy 
on  this  coutinent  within  the  tropics,  where  the  heats  are  more  Mem 
rable,  or  the  air  more  salubrious  than  in  this  part  of  America;  for 
it  is  not  only  frequently  refreshed  with  breezes  from  the  sea,  but* 
being  mountainous,  it  also  abounds  with  lakes  and  ri?er8,  which 
often  overflow  thf^ir  banks^  so  that  the  climate  of  the  inland  oouii* 
try  is  equally  t'mperate  with  the  sea.coast«  ^ 

But  in  the  middle  of  this  ocean,  between  the  two  great  continents, 
and  a  very  few  degrees  E.  and  W.  of  that  central  meridian,  the 
regulir  perennial  winds  constantly  pre?ail,  subject  to  some  slight 
Tariations  according  to  the  situation  of  the  sun.  Whilst  he  is  near 
the  '.quator,  ships  find  great  difficulty  in  passing  the  line,  at  which 
season  they  are  sometimes  becahned  until  his  declination  increased 
to  seten  or  eight  degrees ;  but  when  it  amounts  to  fifteen  degrees 
N.  or  S.  they  generally  cross  it  with  a  fresh  breeze,  and  particularlj 
when  he  b  near  either  solstice.  The  perennial  wind  in  both  bemi* 
spheres  varies  likewise  at  these  times  ;  for  when  the  sun  is  in  Can* 
cer,  the  S.£.  perennial  extends  to  four  or  five  and  even  six  degrees 
across  the  line  to  the  northward,  inclining  more  to  the  S.  than  the 


E.  Oo  the  CMtnuy,  wIiqd  he  It  in  Cipri com  the  N .  E.  perennial 
eitcDdi  «n  eqiuU  nnnber  of  degrees  to  the  sooth  of  the  equator, 
het  it  Inclines  more  to  the  northward.  All  which  fads  clearly  prore, 
that  the  lower  current  of  air,  lief ng  rarefied  by  the  reflected  heat 
of  tim  snn,  ascends,  and  the  eqailibrinm  is  restored  by  a  large  lx>dy 
of  dense  air^  which  mshes  forward  in  a  right  line,  aad  with  a 
ilrong  corrent,  to  fill  up  the  yacoum. 

Tlie  cnvly  Portuguese  and  other  European  natigators,  in  attempt, 
ay  to  aall  towards  the  Cape  of  Good  Hope,  were  greatly  obstructed 
in  thor  Toyages  tliither  by  not  adreriing  to  these  circumstances  : 
but  tiw  use  of  the  compass  was  then  rery  little  known.  Most  of 
titfni  therefore  endeaToured  to  lieep  close  to  the  west  coast  of 
Africa,  by  which  means,  being  then  also  ignorant  of  the  real  geo* 
gfuphy  of  this  continent,  they  expected  to  shorten  their  distance ; 
but  thus  dtuated,  they  necessarily  encountered  constant  calms  and 
tsmadoes,  and  seldom  performed  their  Toyage  out  and  home  in 
lesa  than  two  or  three  years :  whilst  some  other  adventurers,  nearly 
aboet  tte  same  period,  in  trying  to  aroid  these  inconTeniences,  fell 
in  wMi  the  American  coast,  and  were  likewise  detained  by  the  S. 
B.  wind,  which  of  course  retarded  their  progress  on  tliat  side,  for 
dwj  could  not  without  great  difiiculty,  and  that  only  at  particular 
seasons,  make  their  way  to  the  southward* 

But  the  better  informed  modern  navigators,  profiting  by  long 
and  dear.booght  experience,  have  learned  to  keep  nearly  the 
mid.channel,  where  they  are  assisted  by  constant  perennial  winds, 
and  where  they  may  yet  allow  some  room  for  leeway  In  the  southern 
tropic,  a  precaution  particularly  necessary  whilst  the  sun  is  near 
our  summer  solstice,  for  at  that  time  the  S.E.  perennial  wind  in* 
clines  tery  much  towards  the  southward.  Both  outward  and  home* 
ward  bound  India  ships  pass  the  equator  in  the  Atlantic  In  about 
18  or  iO  degrees  W.  By  keeping  this  course  they  never  fall  in 
with  the  coast  of  Ameriea,  either  going  to  the  Cape  of  Good  Hope, 
or  returning  from  it ;  and  at  the  same  time  they  avoid  the  calms 
on  the  coast  of  Africa. 

After  haTing  passed  the  southern  tropic  three  or  four  degrees, 
ships  which  sdl  from  Europe  between  February  and  May  seldon^ 
find  themselres  more  than  26  or  28  degrees  W. ;  which  by  the 
trenching  away  of  the  American  coast  to  the  westward  in  these  la- 
titudes, is  about  half-way  between  the  two  continents.    The  windii 

VOL.  IT.  P 
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in  these  latitades,  in  the  month  of  May,  are  generally  fonnd  te 
riable,  as  if  alternately  and  equally  attracted  by  both  continents 
but  as  yessels  advance  to  the  southward  in  the  months  of  May  am 
June,  and  approach  towards  Africa,  the  wind  between  the  latitnd 
of  28  and  35  degrees  S.  comes  round  to  the  westward,  and  generally 
blows  fresh  from  the  N.W.  until  they  hare  passed  the  Capec 
Good  Hope. 

The  wind  just  beyond  the  bounds  of  the  perennial  coming  ftev 
this  quarter,  seems  in  some  degree  to  confirm  Dr.  Halley's  theor 
of  the  superior  current  of  air  in  this  situation  forming  a  contrar 
current  at  the  commencement  of  the  temperate  zone.  This  obiei 
ration  must  be  confined  to  particular  seasons  within  certain  limiti 
-  and  not  be  considered  as  inTariably  the  case,  eren  in  the  sontber 
Atlantic;  for  in  those  same  parallels  of  latitude,  the  winds  ai 
light  and  variable,  coming  often  from  the  S.  £•  and  veering  ocd 
sionally  to  almost  erery  point  of  the  compass.  To  the  eastward  i 
t;he  Cape  the  S.E.  wind  blows  frequently  during  their  winter  wH 
considerable  violence  for  several  days  successively.  But  the  sonO 
erly  winds  to  the  eastward  of  the  Cape  blow  with  most  TioleQC 
when  the  sun  is  in  Capricorn,  that  is  during  their  summer  moiithi 
for  when  the  land  on  the  extremity  of  the  east  coast  of  Africft 
heated  by  the  presence  of  the  sun,  the  colder  air  from  the  antarcf 
circle,  put  in  motion  by  the  sun's  melting  the  ice  in  those  froBi 
regions,  frequently  rushes  forward  towards  the  land  near  the  Ca| 
of  Good  Hope  with  considerable  force. 

Bacon  long  since,  and  even  Pliny  before  him^  has  in  effect  o1 
served,  that,  from  the  vicinity  of  lofty  mountains  covered  wit 
snow,  the  winds  blow  periodically  when  the  snow  begins  to  me\ 
Ubicunque  siti  sunt  monies  alii  el  nhales,  ab  ea  parte  /tm 
vend  stati  ad  tempus  quo  nives  solvuntur. 

The  S.E.  perennial  wind  blows  constantly  some  few  degrees  \ 
the  eastward  of  Madagascar  at  all  seasons  of  the  year,  as  far  neif! 
as  the  island  of  Java,  where  it  comes  within  the  reach  of  the  r^a|f 
monsoon ;  and  indeed  between  the  island  of  Madagascar  and  tl 
main  land  of  Africa,  commonly  called  the  Mosambique  Chiftiiic 
the  perennial  winds  are  checked  by  the  proximity  of  the  two  gr« 
bodies  of  land,  and  consequently  partake  of  the  nature  of  mo: 
floons. 

[Capper  on  Winds  and  Monsoons. 
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SECTION  IV. 

Periodical  Winds. 

Tropical  SeOmWindi  or  Monsoom. 

Toe  name  as  well  as  the  nature  of  the  monsoons  is  roisnadeF. 
ttood ;  the  word  is  not  derited  from  the  name  of  a  great  mariner, 
bat  clearlj  from  the  Persian  word  moosum^  meaning  season.  In 
tropical  conn  tries  there  are  but  two  seasons  :  those  in  Hindustan 
sre  diidngttised  by  the  N.E.  and  S.W.  monsoons.  But  farther  to 
tke  eastward  and  southward  of  the  line,  and  the  golf  of  Bengal,  the 
Bonaoons  blow  from  different  quarters.  The  N.E.  becomes  in  those 
parU  the  N.W.  and  the  S.W.  becomes  the  S.E.  The  causes  of 
those  changes  and  the  original  causes  of  the  monsoons  1  shall  here. 
ifler  attempt  to  explain,  but  first  I  shall  endea?our  to  point  out 
sense  generally  preTailing  errors  respecting  the  course  and  changes 
of  them  in  different  parts  of  Hindustan,  derived  in  all  probability 
from  the  early  navigators  to  India.  As  neither  ancient  nor  modern 
geographers  have  yet  fixed,  with  any  degree  of  precision,  the  names 
or  boundaries  of  the  different  oceans,  seas,  and  gulfs  where  the 
nonsoons  prevail,  to  avoid  further  interruption  and  trouble  I  shall 
beg  leave  in  this  place  to  make  a  new  division  of  them. 

The  gulf  of  Bengal  is  apparently  so  called  on  account  of  the 
rich  and  fertile  province  of  that  name,  situated  at  the  north,  or  head 
of  it.  In  this  gUlf  therefore  no  alteration  is  proposed.  The  S.W. 
boundaries  of  this  gulf  I  shall  fix  at  Doudre  Head,  on  the  island  of 
Ceylon,  latitude  5"  5(y  N.  and  longitude  HO"  48'  E.  of  Greenwich. 
And  for  the  S.E.  side,  Acheen  Head,  latitude  5"*  3(/N.  longitude 
95*3(/  E.  For  the  northern  extremity,  the  well  known  city  of  Cal. 
cutu,  latitude  W  34'  45''  N.  longitude  88''  29'  3()''  E.  On  the  W. 
side  of  the  peninsula,  the  coast  of  Malabar,  with  Cape  Guardafui, 
on  the  coast  of  Africa,  forms  another  considerable  gulf,  frequently 
called  the  Arabian,  but  generally  the  Indian  Sea :  but  this  latfer  in 
particular  seems  to  be  a  name  equally  applicable,  and  often  applied 
to  the  golf  of  Bengal,  and  even  to  the  seas  to  the  eastward  and 
southward,  and  consequently  is  very  indefinite  ;  whilst  the  Arabian 
Sea  may   be  confounded  with  the   Red  Sea  or  Arabian  Gulf. 
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Adopting  therefore  in  a  great  measure  the  plan  of  the  oriental  geo* 
graphers,  I  shall  name  this  sea  the  Gulf  of  Sind.  The  river  Indos 
giving  the  name  to  the  first,  and  Hindustan  divided  by  the  Ganges 
to  the  second  division.  The  river  Indus  will  then  be  placed  at  the 
head  of  one  bay,  and  the  Ganges  at  the  head  of  the  other  ;  Tatta, 
a  considerable  city,  situated  on  the  former,  and  Calcutta  on  the 
latter.  Tatta,  according  to  Major  lit- nncl,  is  in  the  latitude  of 
24"  50'  N.  longitude,  67°  37'  E.  Cape  Guardafui  to  the  S.W.  lati- 
tude  12  degrees  N.  longitude  5^"  SC  E.  and  Cape  Comorin  to  the 
S.E.  in  the  latitude  of  7"  66'  N.  longitude  78^5'  E. 

From  the  southern  extremity  of  these  two  gulfs  to  the  tropic  of 
Capricorn,  extending  likewise  eastward  from  the  east  coast  of  Africa 
to  the  west  side  of  New  Holland,  1  shah  denominate  the  Indian 
Oceans  this  being  a  considerable  portion  of  the  ocean  leading  to 
both  gulfs  in  Isdia,  as  well  as  to  China  and  the  eastern  islands, 
including  all  India,  both  within  and  without  the  Ganges.  From 
that  parallel  of  latitude  to  the  south  pole«  including  that  part  of  the 
ocean  situated  between  the  E.  of  Africa  and  the  W.  of  New  Hol- 
land, I  shall  call  the  Great  Southern  Ocean.  These  new  dhrisioiu 
may  not,  perhaps,  be  deemed  in  everjr  respect  strictly  accurate, 
but  they  will  answer  our  purpose,  and  therefore,  without  further 
preface,  we  will  now  proceed  to  make  some  obsenrations  on  the 
difierent  monsoons  apd  prevailing  winds  within  these  boundaries. 

The  winds  in  the  gulf  of  Bengal  are  generally  said  to  blow  six 
months  from  the  N.E.  and  the  other  six  from  the  S.W.  This  is  far 
from  being  precisely  true  respecting  any  part  of  India  ;  it  is,  how. 
ever,  sufficiently  accurate  for  our  present  purpose,  and  therefore  I 
shall  in  part  adopt  this  position  as  well  as  the  common  country 
name  of  monsoon  ;  trusting,  that  in  the  course  of  this  enquiry  I 
shall  be  able  to  account  for  the  several  deviations  of  the  wind  from 
the  monsoon  points,  and  at  the  same  time  in  some  measure  teezplaia 
the  causes  of  them. 

From  the  island  of  Ceylon  to  Balasore  Roads,  the  N.E.  mooaooii 
is  said  to  begin,  near  the  coast  of  Coromandel,  early  in  October. 
But  in  fact  between  the  two  monsoons,  the  expiration  of  the  one 
and  the  commencement  of  the  other,  the  winds  and  current!  are 
variable  on  this  coast,  partaking  of  both ;  frequently,  howeTer, 
rakns  prevail  during  the  whole  month  of  September,  andeyen  early 
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io  October,  with  a  strong  cnrrent  from  the  N.E.  towards  the  S.W. 
At  this  period  we  mast  remember  that  the  san  is  fast  approaching 
lowatds  the  equinoctial ,  which  he  crosses  nearlj  aboat  the  22d  of 
September.  As  hb  declination  afterwards  increases  from  sereo  to 
idetn  degrees  S.  which  is  between  the  10th  and  31st  of  October,  his 
ibsence  from  the  northern  hemisphere  begins  to  be  felt ;  and  u  he 
stthe  lana  time  rarefies  the  air  both  by  sea  and  land  to  the  soatlu 
wsrd  of  the  eqoator,  the  warm  air  then  orer  the  Indian  Ocean, 
batpartlcnlarlj  orer  the  eastern  side  of  the  continent  of  Africa,  as 
mal  ascends,  and  the  cold  air  from  the  N.  meeting  the  perennial 
eist  wind,  they  pass  forward  progressirely,  beginning  where  the 
Ttrdkction  takes  place,  and  probably  continuing  to  an  immense 
dirtancey  and  thus  form  the  N.E.  monsoon.  The  exact  point 
whtfo  the  northerly  wind  terminates  I  shall  not,  in  this  place,  al» 
Umipt  to  ascertain;  bnt  we  may  venture  to  suppose,  that  it  must 
ka  at  lettst  as  hr  towards  the  N.E.  as  the  west  side  of  the  Thibet 
•ad  Napai  movntains,  separating  India  from  China,  and  which  in 
winter  are  always  corered  with  snow.  From  this  frozen  eminence 
a  cnrrent  of  cold  air  will  more  with  considerable  Telocity  towards 
the  tropic,  on  the  approach  of  the  sun,  until  the  equilibrium  is  re. 
itond  ;  but  at  the  latter  end  of  January,  the  sun  again  beginning 
to  return  towards  the  N.  produces  a  sensible  effect  on  the  air ;  fur 
b  proportion  as  he  approaches  towards  the  equator,  the  current  of 
sir  in  the  gulf  of  Bengal,  near  the  land,  takes  a  difierent  direction. 
Abont  this  time  the  wind,  immediately  on  the  coast  of  Coromandt*!, 
no  longer  blows  riolently  or  regularly  from  the  N.E.  as  in  the 
commencement  bf  the  monsoon,  but  first  abates  in  strength  (like  a 
current  of  water  when  the  level  is  nearly  restored)  and  then  changes 
dally  to  regular  land  and  sea  breezes,  which  of  course,  near  tfie 
toast,  are  obviously  occasioned  by  the  alternate  rarefaction  of  the 
air  by  sea  and  land. 

In  the  Mosambiqne  Channel  the  monsoons  correspond  nearly 
wHh  those  on  the  Malabar  coast,  if  not  in  their  commencement  at 
least  In  their  duration.  The  S.W.  monsoon  begins  in  April  and 
continues  till  November.  The  N.E.  then  succeeds,  and  continues 
nntn  April ;  but  the  S.W.  monsoon  in  this  channel  is  the  fair  sea. 
son,  and  the  wind  varies  sometimes  towards  the  S.  C.  and  E.S.E.  on 
either  coast,  about  the  middle  of  November,  where  also  there 
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are  generally,  regalar  laod  and  sea  breezes.     The  N.E.  moD« 
soon    re^^ularly  begins   early    in    November    near    the   Comero 
islands,  and  the  north  end  of  Madagascar,  but  seldom  extends  be. 
yond  St.Augustint*'s  Bay  to  the   southward,   nrhich  is  .near  the 
southern  tropic.     But  on  the  east  side  of  Madagascar,^  beyond  the 
islands  of  Bourbon  and  Mauritius,  towards  what  are  called  the 
£astern  Islands,  the  S.E.  perennial  prevails  all  over  the  Indian 
Ocean,  from  thf>  latitude  of  1 1  to  28  degrees  S.  whilst  to  the  S.  and 
eastward  of  the  islands  of  Java  and  Sumatra,  the  N.W.  and  S.E. 
monsoons  alternately  prevail  at  the  different  seasons  of  the  year. 
The  S.K.  monsoon  in  these  seas,  according  to  Monsieur  D*Apres, 
commences  in  the  month  of  April  and  continues  till  November, 
when  it  changes  to  the  N.W.;  but  between  the  two  monsoons  the 
winds  and  currents  there,  as  in  other  places,  are  light  and  variable. 
Throughout  the  whole  extent  of  the  Eactern  Isles,  as  far  as  Timor 
and  Solor,  the  N.  W.  monsoon  brings  bad  weather ;  this  wind  is 
violent  and  accompanied  with  rain.    The  stormy  weather  continues 
all  Januar}'  and  until  the  middle  of  February,  it  then  abates,  and 
entirely  ceases  about  the  end  of  March.     In  the  month  of  April 
the  variable  winds  render  the  weather  mild,  and  the  sea  is  affected 
only  by  occasional  squalls   of  short  duration.     In  May  the  S.E. 
wind  becomes  settled,  and  blows  incessantly  in  June  and  July  with 
considerable  strength :  during  this  time,  however,  the  weather  is 
fine,  with  a  clear  serene  sky  until  the  end  of  September.     In  the 
month  of  October  the  S.E.  monsoon  dies  away,  and  the  winds  be- 
come variable  till  they  again  settle  in  the  N.W.     As  Dr.  Halley 
mentions  the  difference  of  the  monsoon  in  this  part  of  the  Indian 
Ocean  S.  of  the  equator,  but  does  not  attempt  to  account  for  it,  J 
shall  in  this  place  take  upon  me  to  offer  some  conjectures  on  the 
subject. 

The  earth,  during  the  summer,  as  it  has  often  been  before  ob- 
served, receives  and  retains  a  greater  degree  of  heat  from  the  son 
than  the  sea,  which,  by  its  constant  motion  and  change  of  surface, 
is  at  this  season  infinitely  cooler  than  the  land,  particularly  in  the 
torrid  zones  ;  but  during  the  winter,  in  the  temperate  zones,  the 
sea  is  much  warmer  than  the  land,  particularly  in  high  latitudes. 
In  the  summer,  therefore,  the  great  body  of  air,  near  very  exten- 
sive continents,  will  of  course  move  from  the  sea  to  the  iand^  and 
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in  the  winter  quite  the  eontrtry  will  happen.     Now  if  we  refer  to 

the  map,  we  shall  find  New  Holland  an  immense  tract  of  land  to  the 

S.E.  of  the  Sundaand  Molucca  islands;  and,  if  unbroken  bj  a 

mediterranean  sea,  almost  equal  in  eitent  to  all  the  land  in  Europe. 

It  is  situated  partly  within  and  partly  beyond  the  tropic.    When 

therefore  the  sun  is  nearest  his  highest  declination  N.  which  of  course 

is  the  winter  of  the  southern  hemisphere,  and  rarefies  the  air  oter 

the  continent  of  Asia,  the  current  of  air  in  the  southern  hemi. 

sphere,  independently  eren  of  the  regular  perennial  wind,  will 

moTe  from  the  S.E.  to  restore  the  equilibrium  to  the  N.W. :  on 

the  contrary,  in  the  month  of  November,  December,  and  January, 

whilst  the  sun  is  nearly  vertical  over  a  part  of  New  Holland,  the 

current  of  air  through  the  Sunda  and  Molucca  islands  will  come 

from  the  N.W.  to  fill  up  the  vaccnm  made  by  the  rarefaction,  and 

thus  occasbn  an  alternate  monsoon  of  S.E.  and  N.W. 

This  obTlous  manner  of  accounting  for  the  N.W.  and  S.E.  mon« 
soons  on  the  east  side  of  the  Indian  Ocean,  would  not  hare  escaped 
the  discernment  of  the  learned  Dr.  Hallc^y,  had  he  not  become  weary 
of  the  subject,  or  directed  his  attention  towards  pursuits  of  still 
greater  importance.  He  closes  his  remarks  concerning  this  sub- 
ject with  obserTing,  ^^  On  this  same  principle  to  the  southward  of 
the  equator  in  part  of  the  Indian  Ocean,  the  N.W.  winds  succeed 
the  S.E.  when  the  sun  draws  near  the  tropic  of  Capricorn.  But  I 
must  confess  that  in  this  latter  occurs  a  difiiculty  not  easily  to  be 
accounted  for,  which  is,  why  this  change  of  the  monsoons  should 
be  any  more  in  this  ocean  than  in  the  same  latitudes  in  the  Ethiopic 
Ocean,  where  there  is  nothing  more  certain  than  a  S.E.  wind  all 

the  year." 

Haying  said  every  thing  that  appears  to  me  necessary  respecting 
the  monsoons  in  the  gulf  of  Bengal,  the  gulf  of  Sind,  and  the  In* 
dian  Ocean,  I  shall  offer  a  few  words  on  the  winds  in  the  China 
seas,  and  afterwards  direct  the  reader's  attention  to  the  winds  in 
the  Arabian  and  Persian  Gulfs. 

In  the  gulf  of  Siam,  on  the  coasts  of  Campogia  or  Campoge,  of 
Cochin  China,  and  in  the  gulf  of  Tonquin  and  China  (according  to 
Monsieur  D'Apres  de  Mainvillette)  the  S.W.  monsoon  commences 
on  the  coast  in  the  course  of  the  month  of  April ;  but  if  out  at  sea 
in  those  parts,  it  does  not  change  until  a  month  later.    It  is  for  this 
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reisoOr  Uiat  oo  thfi  north  part  of  Bomeo  to  tbe  Iriuub  of  Faragoo 
liad  Lvcoata^  it  is  seldom  known  to  blow  constantly  but  fcom  tbe 
1st  to  tbe  I5th  or  20tb  of  May.  As  the  S.W.  monsoon  continnes 
only  about  ux  months^  and  commences  near  the  coast,  it  there 
ceases  first  likewise  in  the  same  manner,  and  is  immediately  sue 
ceeded  by  the  NJB.  Thus,  it  is  eddent,  the  N.E.  and  S.W.  moa« 
soQi|8  reign  constantly  to  the  north  of  the  line  to  the  eastward,  as 
irell  as  in  the  gulfs  of  Bengal  and  S^nd  ;  whilst  the  N.  VV.  and  S^E. 
monsoons  to  the  eastward^  are  absolutely  confined  to  the  south  of 
the  line,  within  the  reach  of  the  influence  of  New  Holland.  It  has 
been  already  observed  that  the  word  monsoon,  is  derived  from  tbe 
Persian  word  motuuniy  season.  The  yiolent  hurricanes  in  tbote 
seas  are,  by  our  saijors,  called  iuffoon  or  typhon  ;  this  term  is  de^r 
med  either  from  the  Greek  rvfwvy  or  from  the  Persian  word 
toojauy  a  whirlwind  or  tempest.  Whether  the  Greeks  or  Egyp« 
tians  gtrre  this  word  to  the  Persians,  or  reoeived  it  from  themi  it  it 
not  necessary  in  this  place  to  determine  ;  but  these  and  many  otlifr 
professional  terms  used  by  mariners  in  all  parts  of  the  east,  botti 
by  tbe  natives  and  Europeans,  respecting  the  winds  and  weather, 
together  with  many  of  the  ports  of  great  resort  on  the  differtait 
coasts  in  the  Indian  seas  being  called  by  a  particular  country  na»B|^ 
with  the  addition  of  bender^  signifying  a  port,  and  banksala,  a 
magazine,  render  it  extremely  probable,  and  we  may  say  almost 
certain^  that  the  Persians  were  the  earliest  navigators  of  the  Iiu 
dian,  and  perhaps  the  China  seas.  The  Portuguese  succeededlthem^ 
and  adopted  the  sea  terms  of  their  predecessors,  which  are  bow 
used  by  all  other  maritime  nations,  being  however  very  much  dis* 
guised  by  different  European  orthography  and  pronunciation* 

In  the  Arabian  and  Persian  gulfs,  according  to  Mens.  D*Aprea, 
the  winds  are  wery  different, although  he  remarks  they  are  separated 
only  by  Arabia.  ^'  They  blow,'*  says  this  author,  ^^  in  the  Red 
Sea  almost  nine  months  in  the  year  from  the  southward,  that  is  frovi 
the  end  of  August  to  the  1 5th  of  May,  and  sometimes  to  the  end  of 
that  month,  when  the  wind  changes  to  the  N.  and  N.N.VV.  and  ge. 
nerally  cootioues  in  that  quarter  to  the  end  of  August,  but  some* 
times  the  laud  and  sea  breezes  prevail*'* 

In  the  gulf  of  Persia  the  N.W.  wind  blows  from  the  month  of 
October  to  July,  and  about  three  months  from  the  opposite  quarter* 
.These  winds,  however,  are  not  so  regular  as  those  in  the  Red 
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being  often  interrupted  bj  fresh  gales  from  the  S.W.  principallj 
from  Cape  Mo^ andon,  and  sometimes  bj  land  breezes.  [^ItL 

ft.    Etesian  Wind. 

TnROV»HOUT  the  whole  Mediterranean,  bat  mostly  in  the 
eastern  branch,  inclading  the  Adriatic  and  the  Archipelago,  the 
N.  W.  winds  preraii  in  the  summer  months.  During  the  winter 
thej  are  rariable,  but  the  S.  E.  and  S.  W.  blow  frequently  with 
freat  force  near  the  two  solstices. 

In  Greece,  particularly  in  the  Morra,  which  is  alfnost  sur. 
ronnded  by  the  sea,  the  Etesian  winds,  according  to  Aristotle,  and 
otber  Grecian  writers,  blow  about  forty  days,  with  their  pro* 
iromi  which  precede  them,  as  their  name  itself  implies,  about  eight 
Qr  ten  days,  mal&ing  about  fifty,  both  these  together  correspond 
nearly  in  their  commencement  and  duration  with  the  Khumseen 
wind  in  the  Arabhui  Gulph.  But  the  summer  Etesiae  in  Greece 
and  the  Morea  come  from  the  N.  W.  and  the  Khumseen  from  the 
S.W.  These  winds  are  lilcewise  noticed  by  Pliny  and  Seneca, 
aad  alto  by  Cicero,  (Nat.  Deor.ii.53.J  who  says  that  in  Italy 
tbej  mre  equally  comfortable  and  salutary  to  men,  beasts,  and 
birdsj  and  likewise  beneficial  to  yegetation,  by  moderating  the 
f  iolent  heat  of  the  weather  during  the  inclement  season  of  the  dog. 
daya. 

When  the  sun  adyancing  towards  the  N.  has  begun  to  rarify  the 
atmosphere  of  the  southern  countries  of  Europe,  the  spring  Etesisr 
commence  in  the  Mediterranean,  which  according  to  the  ancients, 
blow  in  Italy  during  the  months  of  March  and  April,  and  were 
called  by  the  Roman  writers  the  Favonii.  Their  iutluence  at  first 
will  be  but  slightly  felt,  but  as  soon  as  the  earth  becomes  consider* 
ably  warmer  than  the  Mediterranean,  the  current  of  air  will  then 
moTe  from  the  sea  towards  the  land,  and  consequently  produce  the 
Faronii  or  gentle  western  breezes,  to  which  those  authors  allude. 

For  some  weeks  after  the  equinox,  the  warmth  of  the  sun  will 
not  be  Tery  3ensibly  felt  on  the  frozen  Alps  ;  but  as  his  declina- 
tion increases,  some  time  even  before  the  summer  solstice,  a  part 
of  the  ice  and  snow  on  those  mountains  will  begin  to  dissolve,  and, 
according  to  the  observation  of  Lord  Bacon,  put  the  air  in  motion 
from  the  northward,  to  fill  up  the  vacuum  produced  by  the  rare* 
faction  of  the  air  over  the  southern  part  of  Italy.      This  wind, 
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therefore,  at  first  vfll  be  light  and  rariable,  and  gi^e  rbe  to  the 
Prodromi,  but  will  increase  as  the  sun  advances,  so  that  this 
northerly  current  of  air  from  the  Alps,  and  westerley  current  of 
air  from  the  Atlantic  Ocean,  continuing  to  moTe  at  right  angles, 
and  nearly  with  equal  velocity  from  the  same  distance,  will  at 
length  unite  and  produce  a  N.  W.  wind  on  the  western  part  of 
Italy,  which  is  the  part  whence  the  summer  Etesise  are  said  to 
blow. 

In  this  manner  it  appears  to  me  we  mdy  account  for  the  periodi. 
cal  winds  which  are  known  to  prevail  both  in  Greece  and  Italy^ 
and  throughout  every  branch  of  the  Mediterranean.      But  in  the 
autumn  all  these  winds  become  variable,  sometimes  blowing  from 
the  sea  towards  the  coast,  and  at  other  times  in  a  contrary  direc* 
tion.    These  frequent  changes  may  probably  be  attributed  to  the 
sadden  alteration  in  the  temperature  of  the  sea  and  land  ;  for  as 
the  san  regularly  declines  towards  the  equinoctial,  the  earth,  both 
on  the  continent  of  Europe  to  the  northward,  and  of  Africa  to  the 
southward,  gradually  cools  again,  subject  for  some  time  to  slight 
variations,  either  on  the  earth  or  the  sea,  which  must  necessarily 
produce  variable  winds  in  the  Mediterranean,  untill  some  weeks 
after  the  autumnal  equinox.     The  western  branch  of  the  Mediter. 
ranean,  situated  between  the  Alpine  regions  to  the  N.  and  the  con- 
tinent of  Africa  to  the  S.  must  at  all  seasons  be  subject  to  violent 
changes  of  both  wind  and  weather,  particularly  in  the  months  of 
March  and  September,  about  the  two  equinoxes,  when  the  sudden 
variations  of  heat  and  cold  are  greater  than  at  any  other  time  of 
the  year.    But  as  during  the  winter  season  the  sea  will  generally  be 
warmer  than  the  land  on  either  side,  a  current  of  air  will  move 
sometimes  towards  the  Mediterranean  from  the  continent  of  Eu. 
rope,  and  nearly  at  the  same  time  perhaps  from  that  of  Africa, 
which,   late  in  autumn  and  throughout  the  winter,  will  produce 
opposite  currents  of  air  in  every  part  of  the  sea,  particularly  near 
the  respective  coasts ;   and  to  these  opposite  currents  of  air  may 
probably  be  imputed  also  the  sudden  storms,  accompanied  with 
heavy  showers  of  rain,  that  frequently  occur  on  the  African  side  of 
the  Mediterranean,   during  the  early  part  of  winter.     The  gusts 
of  wind  at  this  time,  though  violent,  are  generally  of  short  dura- 
tion. [W. 
It  is  to  this  periodical  wind  that  Lucretius  ascribes  one,  and 
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apparently  the  chief  caose  of  the  rise  and  exundation  of  the  Nile. 
The  passage  occurs  lib.  ru  712. 

Ntlos  in  gstatem  crcscit,  cMupisque  reduodat, 
Unictts  in  terrisy  JEgyytl  totius  amnis : 
Is  rigat  iE^yptmn  laedium  per  sepe  ealorem, 
•  Aat,  quia  sunt  senate  aquilooes  ostia  cootray 

Anai,  tenpore  ^o,  qui  Btetim  esse  feranitiir ; 
£t,  contra  flavium  flantes,  remoraottir  i  et*  midas 
Cofentes  sargns,  replent,  co|;untqiie  manere. 
Nam,  dubio  procal,  hec  advurso  flabra  feronCur 
Fluaine,  qnsD  jf^lidis  ab  sCellis  axis  aguntur: 
Ille  ex  ttstiferi  parte  venlt  amnis,  ab  Aottro 
Inter  nigra  virAm  percorio  secla  colore 
Exoriens  penitas  mediAab  regione  diei. 

The  NiLB  now  calls  ns)  pride  of  Eotpt's  plains ; 
Sole  stream  on  eartli  its  boond'ries  tliat  o*erflows 
Punctual^  and  scatters  plenty.     When  tlie  year 
Now  glows  with  perfect  summer,  leaps  its  tide 
Broad  o*er  the  champaign,  for  the  north-wind  now, 
TV  Etssian  brxbxb,  against  its  month  direct 
Blows  with  perpetual  winnow ;  erery  surge 
Hence  loiters  slow,  the  total  currents  swells. 
And  wave  o'er  wave  its  loftiest  bank  surmounts. 
For  that  the  fix*d  monsoon  that  now  prevails. 
Flows  from  tlie  cold  stars  of  the  northern  pole 
None  e*er  can  doubt ;  wbHe  rolls  the  Nile  adverse 
Full  from  the  south,  from  realms  of  torrid  beat. 
Haunts  of  the  Ethiop  tribes ;  yet  far  beyond 
Fish  bubbling,  distant,  o*er  the  burning  line. 

Good. 

3.    Tropical  Land-wind* 

The  island  of  Ceylon,  which  lies  to  the  southward  of  the  Coro. 
mandel  coast,  and  where  the  peninsula  becomes  extremely  narrow, 
partakes  of  both  monsoons,  but  principally  of  the  S.  W.  The 
wind  immediately  on  the  coast,  at  the  commencement  of  this  mon« 
soon,  takes  nearly  the  same  direction  as  the  coast  itself.  From 
the  latitude  of  9  to  13  degrees,  the  coast  lies  nearly  N.  N.  E.  and 
S.  S.  W.  and  from  the  latitude  of  15  degrees  to  the  head  of  the 
gnlf  called  Balascore  Roads,  it  runs  almost  N.  E.  and  S.  W.  The 
S.W.  monsoon  therefore  on  this  coast  blows  at  first  along  shore, 
from  which  cause  it  is  called  the  Long  Shore  Wind.  The  nature 
of  the  soil  on  the  coast  probably  contributes  to  gire  it  this  direc- 
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tioQ ;  for  the  soil  beings  in  some  respects,  lilce  the  Gulf  of  Guinea 
on  the  coast  of  Africa,  low  and  sandy,  the  air  near  the  earth  nast 
consequently  be  much  rarefied  under  almost  a  ?ertical  sun,  and  the 
denser  air,  coming  across  the  Indian  Ocean  or  the  Gulf  of  Sind, 
will  follow  that  direction  on  the  coast  to  fill  up  the  vacuum.  But 
these  winds  continue  only  to  the  end  Of  May  or  (he  beginning  of 
'June,  when  the  sun  being  ne«r  the  summer  solstice,  the  hot  land 
irind  on  the  coast  of  Coromandel  commences,  and  continues  about 
six  weeks.  To  understand  the  causes  of  this  sudden  change,  we 
must  again  adrert  to  the  geography  of  the  country,  and  consider 
the  state  of  the  atmosphere  at  this  period  on  the  two  coasts* 

The  southern  part  of  the  peninsula,  from  the  latitude  of  10  de. 
grees  to  Cape  Comorin,  may  be  divided  longitudinally  into  three 
parts,  beginning  at  Madras,  which  is  situated  in  the  longitude  of 
dO^  ^'  46'^  £•  About  two  degrees  to  the  westward  of  that  meri. 
dian  is  a  range  of  mountains,  forming  the  eastern  boundary  of  the 
Valley  of  Baramaul,  where  the  high  land  of  Mysore  commences, 
commonly  called  the  Ballagat,  or  country  above  the  Passes.  This 
high  or  table  land  of  Mysore  rises  at  least  2,000  feet  above  the 
coast  of  Coromandel,  and  runs  through  the  peninsula  from  N.  to 
S.  nearly  in  the  longitude  of  7^  degrees.  Two  degrees  farther 
to  the  westward  is  another  range  of  mountains,  which  may  be 
considered  as  the  boundary  of  the  Malabar  coast ;  and  the  country 
situated  between  these  two  meridians,  from  76  to  78  degrees,  is 
properly  the  country  of  Mysore.  With  this  sketch  of  the  map  of 
the  country  before  us,  and  with  a  recollection  of  the  first  principle 
of  this  hypothesis,  it  will  not  be  difficult  to  account  for  the  hot 
land  wind  prevailing  in  the  Carnatic  during  the  months  of  May  and 
June. 

The  sun's  declination  in  the  month  of  May  is  between  15  and 
23  degrees  N.;  he  will  therefore  before  the  end  of  this  month  have 
been  vertical  over  all  these  countries,  and  consequently  haTe  pro* 
duced  a  considerable  degree  of  heat  in  the  Carnatic  ;  but  at  the 
same  time  the  double  range  of  mountains  to  the  westward  will  have 
arrested  the  clouds  brought  thither  by  the  S.  W,  monsoon,  and 
made  them  precipitate  their  contents  both  oa  the  Malabar  coast 
and  in  the  Mysore  country.  The  principal  point  of  rarefaction 
then,  at  this  season,  will  be  the  Carnatic,  which  may,  as  asual^ 
be  consider%d  as  the  heated  room,  and  the  nearest  cold  body  of 
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$tr  mUi  eome  tinmt  the  table  land  of  Mysore  to  restore  the  equBI* 
brfuiD. 

In  flie  Carnattc,  during  the  months  of  Maj  and  June,  the  ther- 
mometer of  Farenheit  In  the  shade  Is  generallj  at  90  or  even  100 
d^prees  and  upwards,  whilst  near  the  mountains  the  same  kind  of 
titeroMmeter  wilt  not  be  more  than  70  or  80  degrees  at  the  utmost. 
The  cvmnt  of  the  air  then  will  more  from  the  mountains  across 
the  Camatic  towards  the  coast  of  Coromandel,  and  of  course  pro. 
dace  the  hot  land  winds,  but  thej  are  sererely  felt  only  on  the  east 
side  of  the  Carnatic«  at  a  distance  from  the  mountains :  at  Am* 
boor,  and  eren  at  Vellore,  which  are  situated  npar  them,  those 
winds  are  neither  eitremely  hot,  nor  of  long  duration ;  and  in  the 
aarmir  {lart  of  the  peninsula,  in  the  beautiful  little  province  of 
Coiabatore,  although  so  &r  to  the  southward,  in  consequence  of 
their  ncioity  to  the  hills,  the  inhabitants  are  never  incommoded  bj 
kmd  winds. 

TUe  rarefaction  in  the  Carnatic,  and  the  current  of  air  which 
ODOWS  from  the  Ballagat  Mountains,  and  blows  from  the  W.  to  the 
EL  to  fill  np  the  Tacaum,  are  sufficiently  strong  inland  to  eonnteraet 
tibe  eftcts  of  the  iponsoon  in  this  part  of  the  peninsula;  but  the 
weeteriy  wind  soon  loses  Its  effect  on  coming  to  the  coast,  ibr  it 
nerer  extends  abore  one  or  two  leagues  out  to  sea,  where  the 
S.  W.  monsoon  blows  tnoessantly  at  this  season  of  the  year. 

Bnt  within  a  month  after  the  summer  solstice,  the  current  of  the 
S.  W.  monsoon  begins  to  slacken,  when  the  regular  land  and  sea 
winds  again  commence  upon  the  coast  of  Coromandel,  and  continue 
with  slight  variations  for  a  month  or  six  weeks.  Towards  the  end 
of  August,  as  the  sun  approaches  the  line,  the  heat  in  Asia  and 
the  cold  io  Africa  begin  to  abate ;  consequently  the  monsoon  daily 
becomes  more  faint^  and  like  the  slack  water  between  the  flood 
and  ebb  tides,  the  air  in  the  Gulf  of  Ikngal  has  little  motion: 
frequently  it  moves  about?  in  eddies,  and  after  it  has  fluctuated  be* 
tween  the  two  monsoons  for  three  weeks,  sometimes  almost  a 
Qooth,  being  attended  with  squalls  from  different  quarters,  the 
N.  E.  wind  at  length  prevails,  and  like  the  change  of  tides,  moves 
at  jfirst  with  considerable  rapidity.  But  the  tremendous  gales,  or 
ntber  hurricanes,  which  sometimes  blow  in  the  gulf  at  this  season, 
and  bear  down  every  thing  before  them,  seldom  happen  precisely 
at  the  beginning  of  the  monsoon,  nor  does  it  appear  that  they  ire  the 
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etkci  of  ft  current  of  air  Hke  the  moofoon,  blowing  ooastaDtljr  f ron 

the  same  quarter  for  several  months,  but  rather  resemble  whirl- 

wiods,  which  proceed  ^principallj  from  some  sadden  change  in  the 

upper  regions  of  the  atmosphere,  and  which,  thoagh  extremely 

▼iolent,  are  merely  local  and  temporarjr.    But  before  we  conclude 

the  account  of  the  S.  W.  monsoon  in  Hindustan,  it  may  be  proper 

to  observe,  that  this  monsoon  brings  the  violent  rains  into  the  pro. 

vinces  of  Bengal  and  Bahar,  which  generally  begin  at  Calcutta 

about  the  middle  of  June,  two  months  after  their  commencement 

to  the  southward  of  the  golf. 

[^Capper. 

4.  Khuntieen. 
The  Arabian  and  Persian  gulfs  are  not  only  separated  by  Arabia, 
but  the  major  part  of  the  former  is  within  the  tropic,  whilst  the 
northern  part  of  it,  like  the  whole  of  the  Gulf  of  Persia,  from 
Muscat  to  Bossora,  is  situated  beyond  the  tropic.  In  comparing 
the  winds  of  these  gulfs,  therefore,  we  must  make  a  distinction 
between  the  northern  and  southern  division  of  the  Arabian  Gulf* 
From  the  entrance  of  the  Straights  of  Babelmandel  to  the  city  of 
Yambo,  the  S.  W.  monsoon  prevaHs  at  the  same  time  as  It  doet  in 
the  Gulf  of  Sind,  that  is  from  April  to  September.  But  from  the 
15th  of  May  to  the  beginning  of  August,  the  S.W.  monsoon  Is  ex. 
tended,  or  rather  elongated,  from  Yambo  to  Suez,  notwithstand- 
ing the  latter  is  almost  eight  degrees  beyond  the  tropic.  This  wind 
Is  called  by  the  Arabs  the  Khumseen  (fifty),  being  supposed  by 
them  to  precede  the  overflowing  of  the  Nile  about  fifty  days*. 

The  Khumseen  wind  blows  in  the  northern  part  of  the  Arabian 
Gulf,  as  far  as  the  sea-coast  of  the  Delta. 

It  is  very  well  known  that  the  soil  of  Upper,  and  even  of  a 
part  of  Lower  Egypt,  on  one  side  of  the  Arabian  Gulf,  and  of 
Arabia  Petrea  and  Arabia  Deserta  on  the  other,  consists  chiefly  of 
rocks  and  sands*  As  the  sun  approaches  towards  the  solstice,  and 
from  very  obvious  causes,  for  a  month  or  six  weeks  aftewards, 
tlie  atmosphere  over  those  countries  must  be  excessively  rarefied  ; 
whilst  this  rarefaction  continues  to  the  northward,  the  air  to  the 
N.  after  the  commencement  of  the  raios,  being  infinitely  more 
cold  and  dense,  will  be  impelled  forward  towards  the  N.  to 


*  The  reader  wUl  bence  observe  that  the  Khumseeo  UsyooDymonswiChtlie 
pi^romi,  or  breezes  that  precede  aod  introduce  the  Etenian  wind.     EoiToa. 
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Store  fli«  equilibriiiJD,  and  conaeqnently  prodoot  the  Khumteen 
wiod^  which  for  the  same  reagoo  will  precede  the  overflowing  of 
the  Nile,  and  begin  first  near  the  principal  point  of  rarefaction. 
Bnt  as  the  snn  approaches  again  towards  the  antnmnal  eqninoz, 
the  earth  to  the  northward  becomes  cool,  the  Khumseen  ceases  to 
blow,  the  rifer  begins  to  fall,  and  the  N.W.  wind  again  com* 
meacea,  and  continues  to  blow  all  th^  rest  of  the  year. 

It  is  true,  as  was  before  mei^idned,  that  almost  the  same  wiaSds 
prerailed  at  the  «ame  season  in  the  Gulf  of  Persia  as  in  the  north* 
ern  part  of  the  Arabian  Gulf;  but  the  eastern  shore  of  the  former 
being  covered  with  both  hills  and  forests,  the  Khumseen  will  nel* 
ther  begin  quite  so  soon  in  the  Galf  of  Persia  as  in  Upper  Egypt 
or  Arabia,  nor  even  continue  to  blow  there  with  equal  strength. 

5.  SiroccOn 

This  peculiar,  wind,  sometimes  written  Scirocco  and  Sciloco, 
proceeds  in  the  south  part  of  Italy  and  Sicily  from  the  8«E, ;  it 
blows  occasionally  with  great  force  in  the  month  of  July,  but 
sometimes  commences  faintly  about  the  summer  solstice. 

This  wind  resembles  the  Khumseen,  and  the  land  wind  in  all 
tropical  countries,  not  only  in  its  appearance  and  effects,  but 
likewise  in  the  time  of  its  commencement.  It  must  be  allowed, 
that  it  does  not  blow  in  the  southern  part  of  Europe  without  in- 
termission  for  forty  or  fifty  days,  nor  does  it  continue  quite  so 
long  as  those  winds  do  in  Asia  and  Africa,  but  it  is  extremely  op* 
pressire  during  the  time  it  lasts,  even  to  the  Sicilians  and  Neapo* 
litans. 

According  to  Mr.Brydone,  the  inhabitants  of  Palermo  do  not 
understand  in  what  manner  to  guard  against  its  effects  so  well  as 
the  natives  of  Hindustan ;  for  the  Sicilians  content  themselves  with 
merely  shutting  their  windows,  and  where  there  are  no  shutters 
they  hang  up  a  wet  blanket  instead  of  them,  which  must  be  very 
•oon  dried ;  but  the  wiser  Indian  puts  a  curtain  of  grass  before  the 
window  or  door,  which  he  constantly  wets  on  the  side  exposed  to 
the  wind,  and  thus  by  keeping  up  a  constant  evaporation,  the  aii 
which  passes  into  the  room  is  rendered  perfectly  cool. 

Mr.  Kirwan  observes,  that  the  degree  of  cold,  produced  by 
evaporation  when  the  air  is  warmer  than  the  evaporating  surface, 
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i.  ^  '')■  cr%ater  tban  that  which  is  produced  when  the  eTaponting 
surface  is  the  warmer  of  the  two.  In  this  instance  the  air  without 
is  at  1 1*1  degrees  even  in  the  shade,  and  the  evaporating  surface, 
vrhen  frequently  moistened,  not  more  than  75  degrees*  The  most 
opulent  and  '.uxorious  of  the  Hindoos  make  a  sort  o(  hnt  of  per* 
fumed  grass,  which  is  kept  constantly  moistened,  and  exposed  to 
the  land  wind,  in  which  they  li?e  at  a  temperature  of  60  degrees 
during  the  extreme  heat  of  the  day,  and  the  conttnoance  of  the 
land  wind. 

The  Sirocco  has  been  suppof^ed  by  some  people  to  come  from 
the  opposite  coast  of  Africa,  and  by  others  to  be  the  effect  of  sal* 
phureous  vapours  from  the  earth ;  if,  however,  it  came  from  the 
continent  of  Africa,  it  would  be  felt  with  great  violence  at  sea,  ia 
the  channel  of  Malta,  and  on  the  island  itself  ;  but  the  Sirocco  ir 
not  felt  at  this  time  on  any  part  of  the  sea  which  separates  Sicilj 
from  Africa,  but,  like  the  land  wind  in  India,  it  is  confined  to  the 
shores  on  both  sides,  whilst  the  sea  wind  on  the  southern  shores  of 
Europe,  opposite  to  Afrrca,  is,  at  this  season,  always  cool  and 
refreshing* 

Mr.  Brydone  observes,  that  the  Sirocco  is  felt  with  most  vie. 
lence  at  Palermo,  situated  on  the  N.W.  side  of  Sicily,  and  on  the 
continent  it  is  infinitely  worse  in  the  interior  of  the  country  near 
Naples,  than  in  the  southern  part  of  Calabria t  these  circum* 
stances  positively  prove,  that  it  is  nothing  more  than  th^  air| 
which  acquires  a  considerable  local  degree  of  heat  from  the  surface 
of  the  earth  at  the  hottest  season  of  the  year,  and  in  its  ascent  is 
impelled  forward  by  the  S.  E.  wind,  so  as  to  acquire  additional 
heat  as  it  proceeds  towards  the  N.W.  side  of  the  island. 

This  progressive  accumulation  of  heat  from  the  land,  during  the 
Sirocco,  may  be  ascertained  by  a  person  heating  a  piece  of  paper 
before  the  fire,  and  running  the  end  of  his  finger  along  the  heated 
paper ;  at  first  it  will  appear  only  warm,  but  as  the  finger  pro- 
ceeds, and  accumulates  the  heat  of  that  part  of  the  paper  over 
which  the  finger  passes,  it  will  at  length  become  so  hot  as  to  be 
painful.  [M, 

6.    Longmshore  H'ind, 

This  is  a  kind  of  Aonsoon  peculiar  to  the  coast  of  the  island  of 
Ceylon,  blowing  from  the  south-west  We  have  hence  already 
sufficiently  described  it  under  the  article  Monsoons.  Editor, 
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7.  Lmmd  and  8em  Sreenef, 

Wtanthemtli  begiot  to  be  tielentlj  betted  in  the  coone  of  tht 
iqr^  the  rareied  air  ttcefidt|  and  the  cooler  air  from  the  sea  comei 
ki  to  topfiljr  Hi  plaee;  bat  the  exhalatloni  raised  daring  the  d$f 
M  coedenied  In  the  cool  of  the  e?ening,  during  the  absence  of  the 
m,  nod  fslllng  down  in  eoptons  dews  refresh  the  earth,  when  Om 
Ktf  becoMos  warmest,  and  die  cnrrtat  tff  af r,  a  few  honrs  After 
«n.8et,  goes  from  the  bind  to  the  sea,  and  prodnees  what  b  called 
the  land  wind,  it  most  be  remembered,  that  these  alternate  land 
md  asa  breeaes  do  iKit  take  place  until  some  time  after  the  change 
sf  each  monsoon,  when  its  strength  begins  to  abate ;  for  at  th* 
nsmmenfiiiaeat  of  either,  tttt  monsoon  itself  blows  incesianti/  Ibr 
a  momih  or  ifo  weeks  immedktelj  on  the  coast^  and  continnes, 
wMh  triliai  deriationi  from  the  N.E.  or  S.W.  according  to  th^ 
lispaitlea  seasons.  Nor  do  the  buid  or  sea  br^et es  at  any  HaL4 
taad  aboio  ll»eo  or  foar  lei^es  from  the  shore. 

Mr*  Glare,  in  hit  Tientlse  on  the  Motion  of  Fluids,  shows  th'« 
canseof  these breesesbjan  easy  and  familiar eiperiment  ^^Take,'* 
ha  WKf9f  ^  A  large  dish,  fill  it  with  cold  water,  and  into  the  middle 
of  thia  pnt  a  water-plate  filled  with  warm  water :  the  first  will 
reprcaent  the  ocean,  the  latter  an  islandi  rarefying  the  air  abore 
it.  Blow  ont  a  wax  candle,  and  if  the  place  be  still,  on  apply. 
ingit  snccessirely  to  erery  side  of  the  dish,  the  fuliginons  particles 
of  tho  fpoke,  belttg  yisibte  and  Tery  light,  will  be  seen  to  more 
tawaida  the  dish,  and  rising  over  it,  point  ont  the  course  of  the 
■ir  firomr  sea  to  land. 

^<  Agaln^  if  the  ambient  water  be  warmed,  and  the  dish  filled 
with  cold  water,  when  the  smoking  wick  of  the  candle  be  heM 
•rer  the  eentre  of  the  plate,  the  contrary  will  happen,  and  show  tho 
osnrao  of  the  wind  from  land  to  sea.'* 

Dniinf  tte  cotathmirtce  of  the  land  and  s^a  bfeesSes  on  the  coasts 
of  Coromandel  and  Malabar,  both  in  th^N^.E.  and  S.W.  moiU 
isonai  A#  wind  on  shotre  seems  regularly  fa  follow  the  course  of 
ike  mukf  and  passes  rery  perceptibly  rotmd  etery  point  of  thy 
CMnpaWintwenty-foar  honm. 

TheM  winds  blow  constandy  every  year  on  the  c(fw(  of  Corp. 
sMndtl  tie  tho  latter  end  of  Januaiy,  and  continue  during  Fo. 
braarjr  and  to  Ifa^  beglteing  of  March,  subject  to  v^  digb< 
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TariatioDS ;  but  as  the  sun  approaches  towards  the  Temal  eqaiuox^ 
the  winds  again  become  yariable  for  some  days,  as  thej  were 
about  the  autumnal  equinox,  until  his  declination  is  npwarda  of 
seren  degrees  N.  when  the  S.W.  monsoon  sets  in,  and  often  on 
the  south  part  of  the  coast,  with  considerable  riolence.  This 
change  or  reflux  of  air  appears  to  be  put  in  motion  by  the  same 
means  as  that  which  comes  from  the  opposite  quarter ;  for  as  the 
siin's  altitude  increases  daily  in  the  northern  hemispheFe^  the  ex* 
tensife  body  of  land  in  the  N.£.  part  of  Asia  must  become  much 
^hotter  than  the  ocean,  and  consequently  a  considerable  degree  of 
rarefaction  will  be  produced  OTcr  that  part  of  the  continent,  whilst 
at  the  same  season  an  immense  body  of  cold  air  will  come  both 
from  the  Indian  Ocean  and  the  continent  of  Africa,  in  the  southern 
hemisphere,  to  restore  the  eqailibrium.  The  principal  tracts  of 
land  of  different  temperatures  on  the  two  continents,  beariog  Tety 
nearly  N.E,  and  S«W.  of  each  other,  will  therefore  become  alter*, 
nately  the  two  opposite  extreme  points  of  rarefaction  aad  condeiu 
sation,  and  necessarily,  according  to  this  theory,  be  the  immediate 
causes  of  the  N.E.  and  S»W,  monsoons* 

8*  Ilarmnttan. 

DrewD  op  by  Dr.  Dobfoo,  from  Mr.  N'orris*s  CommanicatioDs. 

The  harmattan  is  a  periodical  wind,  which  blows  from  the  inte. 
rior  parts  of  Africa  towards  the  Atlantic  Ocean,  and  poasesses 
such  extraordinary  properties,  as  to  merit  the  attention  of  the 
naturalist,  making  a  curious  and  important  article  in  the  history 
and  theory  of  the  winds. 

On  that  part  of  the  coast  of  Africa  which  Yum  between  Cape 
Verd  and  Cape  Lopez,  an  easterly  wind  prevails  during  December, 
January^  and  February,  which  by  the  Fantees,  a  nation  on  tho 
Gold  Coast,  is  called  the  harmattan.  Cape  Verd  is  in  15^  N.  lati. 
tude,  and  Cape  Lopez  in  1^  S.  latitude,  and  the  coast  between 
these  two  capes  runs,  in  an  oblique  direction,  nearly  W.  S.  W.  ta 
£.  S.  £•  forming  a  range  of  upwards  of  2100  miles.  At  the  Islet 
de  Los,  which  are  a  little  to  the  northward  of  Sierra  Leone,  and 
to  the  southward  of  Cape  Verd,  it  blows  from  the  £.  S.  E.  on  the 
Gold  Coast  from  the  N.  E.  and  at  Cape  Lopez  and  the  ri? er 
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GAon,  from  the  N.  N.  E.  This  wind  is,  by  the  French  and  For. 
tiigiiet»  who  frequent  the  Gold  Coast,  called  thd  N.  E.  wind,  the 
quarter  from  which  it  blows.  The  English,  who  sometimes  bor.  * 
taw  words  and  phrases  from  the  Fantee  laogiiage,  which  Is  lest 
gittorai  and  more  harmonious  than  that  of  their  neighbours,  adopt 
the  Faotee  word  harmattan.  The  harroattan  comes  on  IndiscrimU 
oitelj,  at  any  hour  of  the  day,  at  any  time  of  the  tide,  or  at  any 
period  of  the  moon,  and  continues  sometimes  only  a  day  or  two, 
somedflies  fire  or  six  days,  and  it  has  been  known  to  last  fifteen  or 
sirtwn  days.  There  are  generally  three  or  four  returns  of  it  eyery 
MMOQ*  It  blows  with  a  moderate  force,  not  quite  so  sirong  as 
tke  tea  breese,  which  every  day  sets  in  during  the  fair  season  from 
te  W«,  W.  S«  W.,  and  S.  W. ;  but  somewhat  stronger  than  the 
Itad  wind  at  night  from  the  N.,  and  N.  N.  W. 

!•  A  fog  or  haze  is  one  of  the  peculiarities  which  always  accom. 
paniet  the  harmattan.  The  gloom  occasioned  by  this  fog  is  so 
great|  as  soinetimes  to  make  even  near  objects  obscure.  The 
EngUfh  fort  at  Whydah  stands  about  the  midway  between  the 
Frene(i  and  Portuguese  forts,  and  not  quite  a  quarter  of  a  mile 
from  either,  yet  jery  often  from  it  neither  of  the  other  forts  can 
lie  discovered.  The  sun,  concealed  the  greatest  part  of  the  day, 
appears  only  for  a  few  hours  about  noon,  and  is  then  of  a  mild 
red,  exciting  no  painful  sensation  on  the  eye.  The  particles 
which  constitute  the  fog  are  deposited  on  the  grass,  the  leaves  of 
trees,  and  even  on  the  skin  of  the  negroes,  so  as  to  make  them  ap- 
pear whitish.  They  do  not  flow  far  over  the  surface  of  the  sea :  at 
two  or  three  miles  distance  from  the  shore  the  fog  is  not  so  thick 
at  on  the  beach  ;  and  at  four  or  five  leagues  distance  it  is  entirely 
lost,  though  the  harmattan  itself  is  plainly  felt  for  ten  or  twelve 
leagues,  and  blows  fresh  enough  to  alter  the  course  of  the  current. 

2.  Extreme  dryness  makes  another  extraordinary  property  of 
this  wind.  No  dew  falls  during  the  continuance  of  the  harmattan  ; 
nor  is  there  the  least  appearance  of  moisture  in  the  atmosphere. 
Vegetables  of  every  kind  are  very  much  injured;  all  tender 
plants,  and  most  of  the  productions  of  the  garden,  are  destroyed  ; 
the  grass  withers,  and  becomes  dry  like  hay  ;  vigorous  ever.greens 
likewise  feci  its  pernicious  influence;  the  branches  of  the  lemon, 
orange,  and  lime  trees  droop,  the  leav«s  become  flaccid,  wither, 
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and,  if  the  faarmiitian  coatiniies  to  blow  for  ten  or  twelve  dcj^ 
are  so  parched  as  to  be  easily  nibbed  to  du^t  between  the  fingers : 
the  fmit  of  these  trees,  deprired  of  its  nourishment,  and  stinte4^ 
in  its  growth,  only  appears  to  ripen,  for  it  becomes  yellow  and 
dry,  without  acquiring  half  the  usual  size.  The  natires  take  thta 
opportunity,  of  the  extreme  dryness  of  the  grass  and  young  trees, 
to  set  fire  to  them,  especially  near  their  roads,  not  only  to  keep 
the  roads  open  to  tra? ellers,  but  to  destroy  the  shelter  which  long 
grass,  and  thickets  of  young  trees,  would  aflford  to  skulking  par* 
ties  of  their  enemies.  A  fire  thus  lighted  (lies  with  such  rapidity 
as  to  endanger  those  who  travel, :  in  that  situation  a  common 
method  of  escape  is,  on  discorering  a  fire  to  windward,  to  set  the 
grass  on  fire  to  leeward,  and  then  follow  your  own  fire.  Tliera 
are  other  extraordinary  effects  produced  by  the  extreme  drynets  of 
the  harmattan.  The  covers  of  books,  even  closely  shut  np  in  a 
trunk,  and  lying  among  clothes,  are  bent  as  if  they  had  been 
exposed  to  the  fire.  Household  furniture  is  also  much  dnmafed; 
the  pannels  of  doors  and  of  wainscot  split,  and  any  veneered  work 
flies  to  pieces.  The  joints  of  a  well- laid  floor  of  seasoned  wood 
opened  sufficiently  to  lay  one's  finger  in  them ;  but  become  iO 
close  as  before  on  the  ceasing  of  the  harmattan.  The  seams  alio 
in  the  sides  and  decks  of  ships  are  much  injured,  and  the  ships 
become  Tery  leaky,  though  the  planks  are  two  or  three  inches  io 
thickness.  Iron-bound  casks  require  the  hoops  to  be  frequently 
driven  tighter ;  and  a  cask  of  rum  or  brandy,  with  wooden  hoope, 
can  scarcely  be  preserved ;  for,  unless  a  person  attends  to  keep  it 
moistened,  the  hoops  fly  off. 

The  parching  effects  of  this  wind  are  likewise  evident  on  the 
external  parts  of  the  body.  The  eyes,  nostrils,  lips,  and  palate^ 
are  rendered  dry  and  uneasy,  and  drink  is  often  required,  n<^  so 
much  to  quench  thirst,  as  to  remove  a  painful  aridity  in  the  firaoes. 
The  lips  and  nose  become  sore,  and  even  chapped ;  and  though  the 
air  be  cool,  jet  there  is  a  troublesome  sensation  of  prickling  heal 
on  the  skin.  If  the  harmattan  continues  four  or  five  days,  the 
scarf  skin  peels  off,  first  from  the  hands  and  face,  and  afterwards 
from  the  other  parts  of  the  body,  if  it  continues  a  day  or  two 
longer.  Mr.  Norris,  who  frequently  visited  the  coast  of  Africa, 
observed,  that  when  sweat  was  excited  by  excercise  on  those  parte 
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which  were  coyered  by  bis  clothes  from  the  weather,  U  was  pectt. 
liarly  acrid,  and  tasted,  on  applying  his  tongue  to  his  arm,  tome* 
thing  like  iplrit  of  hart's.hom  diluted  with  water. 

Aa  the  state  of  salt  of  tartar  placed  in  the  open  air,  and  the 
quantity  evaporated  from  a  gi?«»n  surface  of  water,  are  obTioils 
proofs  of  the  comparati?e  moisture  or  dryness  of  the  atmosphere, 
Mr.  Norris  put  the  harmattan  to  each  of  these  tests ;  and  particn. 
larly  to  moisten  salt  of  tartar  ad  deliqniam,  and  exposed  It  to  tha 
night  air  during  the  time  that  the  barmattan  was  blowing.  Tha 
following  is  the  account  of  the  result  of  these  experiments.  Salt 
of  tartar  will  not  only  remain  dry  during  the  night  as  well  as  la 
^  day,  but  when  liquefied  so  as  to  run  on  a  tile,  and  exposed  to 
the  harmattan,  becomes  perfectly  dry  in  two  or  three  hours ;  and, 
expoMd  in  like  manner  to  the  night  air,  will  be  dry  before 
Moraiiig. 

It  appears,  from  experiments  made  by  Mr.  Norris,  that  if  the 
•Vibration  of  the  whole  year  be  supposed  to  go  on  in  the  same 
proportion  with  what  occurred  during  a  short  and  ?ery  moderate 
fetnm  of  the  harmattan,  the  annual  harmattan  evaporation  would 
be  133  inches ;  and  if  the  calculation  was  made  in  proportion  to  the 
evaportion  which  occurs  during  a  longer  visit  from  the  harmattan, 
and  a  more  forcible  breeze,  the  annual  harmattan  evaporation 
would  be  much  more  considerable.  If  the  annual  evaporation  be 
in  like  manner  calculated,  in  proportion  to  the  e?aporation  which 
took  place  subsequent  to  and  preceding  the  harmattan,  the  annual 
evaporation  at  Whydah,  on  the  Gold  Coast,  would  be  64  inches, 
and  he  had  found  the  annual  evaporation  at  Li?erpool  to  be  35 
Inches.  These  three  therefore  are  in  the  following  proportion; 
barmattan  133  inches,  Whydah  64  inches,  and  Liverpool  36  inches. 

3.  Salubrity  forms  a  third  peculiarity  of  the  harmattan.  Though 
this  wind  is  so  very  prejudicial  to  vegetable  life,  and  occasions  such 
disagreeable  parching  effects  on  the  human  species,  yet  it  is  highly 
conducive  to  health.  Those  labouring  under  fluxes  and  intermit, 
ting  fevers  generally  recover  in  an  harmattan.  Those  weakened 
by  fevers,  and  sinking  under  evacuations  for  the  cure  of  them, 
particularly  bleeding,  which  is  often  injudiciously  repeated,  have 
their  lives  8a?ed,  and  vigour  restored,  in  spite  of  the  doctor.  It 
•tops  the  progress  of  epidemics }  the  small. pox,  remittent  fevers, 
*e.  not  only  disappear,  but  those  labouring  under  these  diseases, 
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when  an  harmattan  comes  on,  are  almost  certain  of  a  speedy  re* 
coTery.  Infection  appears  not  then  to  be  easily  communicated 
eren  by  art.  In  the  year  1770  there  were  on  board  the  Unity,  at 
Whydah,  above  ?0G  slaves ;  the  small.poz  broke  out  among  them, 
and  it  was  detrrmined  to  inoculate ;  those  who  were  inoeolated 
before  the  harmattan  came  on,  got  very  well  through  the  disease. 
About  70  were  inoculated  a  day  or  two  after  the  harmattan  set  in ; 
but  not  one  of  them  had  either  sickness  or  eruption.  It  wiis 
imagined,  that  the  infection  was  effectually  dispersed,  and  the  ship 
clear  of  the  disorder ;  but  in  a  very  few  weeks  it  began  to  appear 
among  these  70.  About  bO  of  them  were  inoculated  the  second 
time ;  the  others  had  the  disease  in  the  natural  way  :  an  harmattan 
came  on,  and  they  all  recovered,  except  one  girl,  who  had  an 
ugly  ulcer  on  the  inoculated  part,  and  died  some  time  afterwards 
of  a  locked.jaw.  Mr.  Norris  dissents  from  Dr.  Lind,  who  speaks 
of  the  harmattan  as  ^^  fatal  and  malignant ;  that  its  noziona  va* 
pours  are  destructive  to  blacks  as  well  as  whites ;  and  that  tke 
mortality  which  it  occasions  is  in  proportion  to  the  density  npd 
duration  of  the  fog.V  The  baneful  effects  here  pointed  oat  pio. 
oeed  from  the  periodical  rains  which  fall  in  March,  April,  ftc.  and 
which  arc  ushered  in  by  the  tornados,  or  strong  gusts  of  wind 
from  the  N.  E.  and  E.  N.  E.  accompanied  with  violent  thunder 
and  lightning,  and  very  heavy  showers.  The  earth,  drenched  by 
these  showers  and  acted  on  with  an  intense  solar  heat  as  soon  as 
the  s^orm  is  over,  sends  forth  such  noisome  vapours  as  strike  the 
nostrils  with  a  most  offensive  stench,  and  occasion  bilious  vomit, 
ings,  fluxes,  and  putrid  fevers.  Besides  these  vapours,  which  are 
annual,  there  appears  to  be  a  collection  of  still  more  pestiferous 
matter,  confined  for  a  longer  time,  and  issuing  from  the  earth 
after  an  interval  of  five,  six,  or  seven  years.  There  may  indeed 
be  instances  in  which  the  harmattan  comes  loaded  with  the  effluvia 
of  a  putrid  marsh ;  and  if  there  are  any  such  situations,  the  nature 
of  the  wind  may  be  so  changed  as  to  become  even  noxious. 

It  appears  that,  except  a  few  rivers  and  some  lakes,  the  country 
about  and  beyond  Why  da  h  is  covered  for  400  miles  back  with  ver- 
dure, open  plains  of  grass,  clumps  of  trees,  and  some  woods  pf 
no  considerable  extent.  The  surface  is  sandy,  and  below  that  a 
rich  reddish  earth ;  it  rises  with  a  gentle  ascent  for  150  miles  from 
the  sea  before  there  Is  the  appearance  of  a  hill,  without  affording 
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m  ston^  of  the  site  of  a  walnut.  Beyond  thete  hills  there  is  no 
account  of  anj  great  ranges  of  mountains.  With  respect  to  the 
origin  of  this  wind,  Mr.  Norris  says,  ^^  the  harmattan,  according 
to  Dr.  Und,  arises  from  the  conflux  of  several  rivers  about  Benin ; 
tot  when  1  was  on  a  visit  to  the  iting  of  Dahomey,  120  miles 
north,  or  inland  from  the  fort  at  Whydah,  I  there  felt  fhe  har* 
niattan  blowing  from  the  N.  E.  stronger  than  1  have  at  liny  other 
time,  though  Benin  then  bore  from  me  S;  E.*'  On  this  head 
Mr.  Norris  makes  the  following  conjecture  :  ^<  The  intersection  of 
three  lines,  viz.  an  east  line  drawd  from  Cape  Verd,  a  uorth.east 
one  from  the  centre  of  the  Gold  Coast,  and  a  north  line  from  Cape 
Lopez,  whould  point  out  a  probable  source  of  this  extraordinary 
''wind."  Three  lines,  drawn  according  to  the  direction  of  Mr. 
Norris, 'towards  the  points  of  the  compass  from  which  the  bar. 
iMttan  blows  on  Cape  Verd,' the  Gold  Coast,  and  Cape  Lopez, 
converge  to  a  part  of  Africa  about  the  16th  degree  of  north  lati. 
tade,  and  the  25th  degree  of  east  longitude,  which  is  that  part  of 
Africm  where,  according  to  Ptolemy,  the  mountains  of  Caphas  are 
situated.  From  these  mountains,  according  to  the  same  authority, 
llw  river  Daradus  arose,  supposed  by  some  to  be  now  the  river 
Senegal.  It  may  be  conjectured,  that  the  disagreeable  Levant 
wind  of  the  Mediterranean  proceeds  from  the  same  part  of  the 
continent  of  Africa  ;  for  it  prevails  during  the  same  season  of  the 
year,  and  may  derive  its  qualities  from  the  surface  over  which  it 
passes. 

The  Fantees  have  given  the  name  of  harmattan  to  one  of  the 
eight  seasons  into  which  they  divide  their  year.  Aherramantah, 
or  the  harmattan,  extends  from  the  1st  December  to  the  middle  of 
February,  about  ten  weeks.  Quakorah,  a  wind  up  the  coast, 
from  S.S.W.  to  S.S.E,  from  the  middle  of  February  to  the  first 
week  in  March,  about  three  weeks.  Pempina,  or  tornado  season, 
part  of  March,  all  April,  and  the  greatest  part  of  May,  about 
twelve  weeks.  Abrenama,  or  the  old  man's  and  woman's  chil. 
dren,  that  is,  the  Pleiades,  the  rainy  season,  the  latter  end  of  May, 
all  June,  and  to  about  the  20ih  of  July,  eight  weeks.  Atukogan, 
or  five  stars,  that  is,  Orion,  high  wind  and  squally,  the  rains  very 
heavy,  to  the  middle  of  August,  thrpe  weeks.  Worrobakorou, 
or  one  star,  the  ceasing  of  the'rains,  about  three  weeks.  Mawur* 
rah,  the  name  of  a  certain  star ;  close  foggy  weather,  and  no 
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Iirefse,  tb^  fint  (hre?  weeks  in  September^     Bonteh^  no  Und 

brAexe  in  this  s?A|on,  the  wind  blows  fresli  down  tlie  coast,  abont 

six  weeks.    Autiopbi,  or  the  crosiers;  tornados  and  soathorlj 

wind,  with  some  rain,  generally  called  the  latter  rains,  abont  four 

weeks,  to  the  beginning  of  December,  when  the  Aherramantah 

season  again  commences* 

IPhil.  Tram.  Abr.  1781. 

SECTION    V. 

Topical  or  Toral  winds. 
1.  Samiel  or  SumyeL 

The  Sumyel,  strictly  speaking,  should  rather  be  conndorad  aa 
an  Asiatic  than  an  African  wind ;  for  although  it  is  said  to  pretail 
to  the  eastward  of  Belud.uUGerid,  and  the  libyan  Desert^  it  is 
felt  with  its  greatest  force  on  the  great  Desert  of  Arabia,  and 
sometimes  in  countries  bordering  on  the  Gulf  of  Persia.  On  thn 
derlTation  of  the  term  authors  are  very  much  diTided,  but  tiiajr 
all  agree  respecting  its  appearance  and  effects. 

Mr.  Volney  seems  to  consider  the  Sumyel  the  same  as  the 
Khumseen,  and  he  calls  it  the  Shamyala,  supposing  the  name  to  iio 
derifed  from  Sham,  the  country  of  Syria. 

But  I  am  rather  disposed  to  adopt  the  deriyation  of  Sir  J.  Char* 
din,  Yely  Turkish,  wind,  and  Sum^  Arabic,  pobon,  particularlj 
as  the  Persians  likewise  call  it  Bid  Samoum,  which  is  precisely 
the  same  signification,  poisonous  wind.  Nor  should  this  wind  be 
confounded  with  the  Khumseen  and  Scirocco,  which  proceed  from 
the  same  cause,  and  are  exactly  the  same  in  appearance  and  dnra* 
tion  as  the  laud  wind  of  India.  The  two  latter  blow  for  seren  or 
eight  weeks,  at  the  latter  end  of  May,  all  June,  and  part  of  July, 
in  almost  all  inland  countries  situated  within  and  near  the  northern 
tropic ;  but  the  natiyes  of  those  countries  in  general  do  not  esteem 
these  hot  winds  particularly  unwholesome^  whereas  the  Sumyel 
blowa  only  occasionally,  and  is  a  transient  pestiferous  current  of 
air  containing  a  deleterious  gas,  that  in  itis  passage  always  prorea 
fatal  both  to  man  and  beast.  It  is  true,  that  the  Sumyel  in  ono 
respect  resembles  the  Khumseen,  for  it  generally  appears  during 
the  hottest  time  of  the  year,  but  the  gusts  of  it  are  merely  local 
and  instantaneous. 
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The  air  on  the  N.  W.  side  of  the  Desert  of  ArMM^  whence  the 
Somyel  comes^  assomes  for  some  minntet  before  it  is  felt  e  daskj 
hue.  It  moTes  with  considerable  Telocity,  and  b  accompanied 
with  a  hissing  noise.  Those  who  are  attacked  by  this  wind  are 
generally  destroyed.  Some  persons  howerer  hare  escaped  Its 
dreadful  effects,  who^  on  perceiTiog  its  approach,  bare  thrown 
themselTes  prostrate  on  the  ground,  and  enyeloped  their  heads  in 
many  folds  of  cloth,  or  those  who  have  put  their  faces  close  to  the 
ground  in  the  dust  until  it  has  passed.  Camels  are  said  to  lie 
sensible  of  its  approach,  and  take  this  method  of  their  own  accord 
to  avoid  its  fatal  effects.  Sir  J.  Chardin  observes  likewise,  that 
persons  who  are  killed  by  it  are  not  much  changed  ip  external 
appearance,  but  that  their-limbs  are  very  easily  separated  from  the 
body. 

A  further  though  not  a  better  account  of  this  wind  has  also  been 
published  in  the  Annual  Register,  Vol.  IX.  taken  from  the  relation 
of  Mr.  Vanderhnlse,  who  was  long  resident  for  the  Dutch  at 
QrmnSy  and  who  came  from  thence  to  Bombay  in  the  year  1763* 

[Ccpper. 

2.  Simoom. 

Tbis  seems  to  be  little  more  than  a  variety  of  the  Samiel ;  and 
the  term  itself  may  indeed  be  derived  from  the  same  root.  It  is 
described  by  Mr.  Bruce  as  an  excessively  hot  wind  peculiar  to  the 
country  of  Abyssinia.  He  frequently  felt  its  influence ;  once  when 

he  and  his  company  were  on  their  way  to  Rascid,  when  they  became 
so  enervated,  and  their  stomachs  so  weak,  with  such  violent  head, 
achs,  that  they  were  incapable  of  pitching  their  tents ;  but  each 
wrapping  himself  in  his  cloak,  resigned  himself  immediately  to 
sleep.  On  the  13th  of  October,  when  at  Chendi,  to  use  his  own 
words,  ^^  the  poisonous  simoom  blew  as  if  it  came  from  an  oven  ; 
our  eyes  were  dim,  our  lips  cracked,  our  knees  tottering,  our 
throats  perfectly  dry,  and  no  relief  was  found  from  drinking 
an  immoderate  quantity  of  water.  The  people  advised  me  to  dip 
a  sponge  in  vinegar  and  water,  holding  it  before  my  mouth  ^and 
nose,  and  this  greatly  relieved  me."  Mr.  Bruce  does  not  say  from 
what  quarter  the  simoom  blows.  [EniToa/rofn  BRuCE. 
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3.  Miiiral  or  Circius^  and  Auiun, 

The  wind  known  in  Projence,  under  ibe  name  of  Mistral  or 
Circus,  comes  from  the  Alps  to  the  N.W.  It  is  supposed  to  con. 
tribute  greatly  to  the  salubrity  of  the  air^  by  dispelling  the  Tapours 
from  the  marshes  and  stagnant  waters  in  the  southern  parts  of 
Provence  and  Languedoc,  where  also,  as  Mr,  de  Saussure  ob- 
serves, it  subjects  the  inhabitants  to  great  inconyenience,  and  some, 
times  to  considerable  losses. 

This  excellent  philo^^opher  imputes  it  to  three  causes  : 

First,  The  situation  of  the  Gulf  of  Lyons,  which  is  terminated 
by  a  sort  of  tunnel  formed  by  the  Alps  and  the  Pyrenn«res«  and 
whose  sides,  therefore,  are  the  principal  scenes  of  its  ravages.  All 
the  winds  between  the  N.  and  the  W.  are  united  in  this  gulf, 
which  by  Aulus  Gellius  is  called  Circius.  (Lib.  IF.  cap.  33. 
See  also  Pliny,  (Lib.  H.  46.) 

The  second  is,  that  this  gulf,  being  to  the  S,  is  lower  and 
warmer  than  the  parts  adjacent,  and  as  the  inferior  current  of  air 
goes  always  from  the  cold  to  the  warm  point,  the  Gulf  of  Lyons 
must  necessarily  be  the  centre  of  violent  winds,  both  from  the  £• 
and  the  W. 

The  third  cause  is  nearly  included  in  the  two  preceding. 

In  opposition  to  the  Mistral,  another  singular  wind  blows  from 
the  east  or  south-east,  which  is  called  autun.  It  is  first  perceived 
near  Narbonne,  and  at  Castlenaudari  is  very  violent :  this  wind, 
which  is  hot,  produces  head*achs,  with  loss  of  appetite,  and  seems 
to  swell  the  whole  body.  In  the  eastern  part  of  Languedoc  Is 
frequently  felt  a  cold  and  very  strong  north  wind,  which  follows 
the  course  of  the  Rhone,  in  the  valley  through  which  it  runs,  from 
north  to  south,  and  is  called  6t>e,  or  black.  Sometimes,  in  direct 
opposition  to  the  latter,  blows  a  sea.wiud,  which  is  usually  accom- 
panied with  a  drizzling  rain;  but  when  dry,  has  the  same  morbid 
effects  as  the  autun  in  Upper  Languedoc ;  beside.  In  the  heat  of 
summer,  from  the  coast  of  Leucate  to  the  Rhone,  sea-breezes 
constantly  set  in,  at  nine  or  ten  o'clock  in  the  morning,  and,  to 
the  great  refreshment  of  the  air,  last  till  about  five  in  the  evening. 
Lastly,  it  is  also  observable,  that  at  the  foot  of  the  Pyrennees, 
near  the  village  of  Dland,  in  a  narrow  valley,  wholly  environed 
with  mountains,    except  towards  the  norlh.west,  and  through 
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▼arioos  channels  two  or  three  hundred  paces  wide,  blows  a  very 
cold  west,  or  north-west  wind,  which  prevails  chiefly  in  the  sum. 
oier,  and  then  only  at  night.  In  clear  warm  weather  this  wind  is 
much  brisker  than  in  a  dense  cold  atmosphere.  In  summer  it 
cooh  the  whole  valley,  and  in  winter  prevents  hoar  frost ;  and  as 
it  blows  only  in  the  night  the  inhabitants  of  the  village  of  Bland 
can  winnow  their  corn  at  no  other  time. 

Editor  from  De  Sauaure. 

SECTION    VI. 

Occasional  Winds :  as  Hurricanes^  Tempests,  Tornados j  and 

Whirlwinds. 


I,  Hurricanes   of  the  West  Indies,  and  their  Causes,  in   a 
Communication  from  Capt.Langford  to  Mr.Bonavert. 

It  has  been  the  custom  of  our  English  and  French  inhabitants 
of  the  Caribee  islands  to  send  about  the  month  of  June,  to  the 
native  Caribees  of  Dominico  and  St.  Viocent,  to  know  whether 
th-^re  would  be  any  hurricanes  that  year  ;  and  about  ten  or  twelve 
days  before  the  hurricane  came,  they  would  constantly  send  them 
word  ;  and  it  very  rarely  was  erroneous,  as  I  have  observed  in 
five  hurricanes,  in  the  years  1657,  1(J58,  1660,  1665,  and  l667. 
Fron  one  of  these  Indians,   I  had  the  following  prognostics: 

1.  All  hurricanes  come  either  on  the  day  of  the  full,  change,  or 
quarters  of  the  moon.  2.  If  it  be  to  happen  on  the  full  moon, 
observe  these  signs,  during  the  change  :  the  skies  will  be  turbu- 
lent, the  sun  redder  than  usual,  a  great*  calm,  and  the  hills  clear 
of  clouds  or  fogs  over  them,  which  in  the  high  lands  are  seldom  so: 
likewise  in  hollows,  or  concaves  of  the  earth,  or  wells,  there  will 
be  a  great  noise,  as  of  a  storm,  and  .at  night  the  stars  will  look 
very  large  with  burs  about  them,  and  the  north  west  sky  very 
black  and  foul,  the  sea  smelling  stronger  than  at  other  times ;  and 
sometimes  for  an  hour  or  two  of  that  day  the  wind  blows  very  hard 
westerly  out  of  its  usual  course.  On  the  full  of  the  moon  you  have 
the  same  signs^  with  a  great  bur  about  the  moon,  and  frequently 
about  the  sun.  The  same  signs  must  be  observed  on  the  quarter 
days  of  the  moon,  in  July,  August,  and  September ;  the  months- 
when  the  hurricanes  are  most  prevalent ;  the  earliest  I  ever  heard 
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of,  was  the  ^di  of  July,  and  the  latest  the  8th  of  September ; 
but  the  usual  month  it  August. 

The  method  of  avoiding  the  dauger  is  to  keep  the  ship  tallablei 
with  good  store  of  ballast,  the  ports  well  barred  and  caulked,  the 
top^masts  and  tops  down,  the  yards  laced  a^port,  keeping  the 
doors  and  windows  of  the  ship  fast,  and  she  will  lie  as  well  as  in 
other  storms  ;  thus  the  ship  being  in  readiness,  they  may  stay  in 
the  road  till  the  storm  begins,  which  is  always  first  at  north,  so  to 
the  north-west,  till  it  comes  round  to  the  south-east,  and  then  its 
fury  b  over.  So  with  the  north  wind  they  may  run  away  to  the 
south,  to  get  themselves  sea-room,  for  the  drift  of  the  south-west 
wind,  where  it  blows  very  fiercely.  By  these  means,  I  have,  by 
God's  blessing,  preserved  myself  in  two  hurricanes  at  sea,  and  in 
three  at  shore,  greatly  to  my  advantage,  as  I  lost  not  a  sail,  yard^ 
or  mast  in  two  great  hurricanes. 

The  causes  of  these  hurricanes,  according  to  experimental  ob« 
servations  of  my  time,  are  these : 

1.  It  is  known  to  men  of  experience,  that  to  the  southward  of  the 
tropics  there  is  constantly  a  trade-wind,  or  easterly  wind,  which 
goes  from  the  north  to  the  south-east  all  the  year  round  ;  except 
where  there  are  reversions  of  breezes,  and  inlets  near  the  land  ;  to 
that  when  this  hurricane,  or  rather  whirlwind,  comes  in  oppost. 
tion  to  the  constant  trade.wind,  then  it  pours  down  with  such 
violence  as  exceeds  any  storms  of  wind.  In  the  hurricane  at 
Nevis,  I  saw  the  high  mountain  that  was  covered  with  trees  left  in 
most  places  bare. 

2.  It  is  remarked  by  all  men,  that  have  been  in  those  parts 
where  the  sun  comes  to  the  zenith,  that  at  his  approach  towards  it^ 
there  is  aiwajrs  fair  weather;  but  at  his  return  southwards,  it  oc. 
easions,  off  the  north  parts  of  the  equinoctial,  generally  much 
imin  and  storms,  as  tornadoes,  and  the  like ;  which  makes  the 
wind  in  the  tornado  come  on  several  points.  But  before  it  comes- 
it  calms  the  constant  easterly  winds ;  and  when  they  are  past,  tho 
easterly  wind  gathers  force  again,  and  then  the  weather  clears  ap 
hit. 

3.  The  wind  being  generally  between  the  tropics  and  the  equator 
easterly,  unless  at  such  times  as  before-mentioned  :  meeting  with 
the  opposition  of  these  hurricanes,   which  come  in  ^a  contrary 
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conne  to  tiiat  tnide*wind,  causes  tliis  Tioleot  whirl,  wind,  on  th« 
suD  s  leftTing  the  senith  of  Barbadoes,  and  these  adjacent  islands ; 
by  which  the  easterly  wind  loses  much  of  its  strength;  and  then 
the  west  wind,  which  is  kept  back  by  the  power  of  the  sun,  with 
the  greater  Tiolence  and  force  poufs  down  on  those  parts  where  it 
gets  Tent.  And  it  Is  usual  in  sailing  from  Barbadoes,  or  thoso 
islands  to  the  north,  for  a  westerly  wind,  when  we  begin  to  lose 
our  easterly  wind,  to  haie  it  calm,  as  it  is  before  hurricanes  i 
and  then  the  wind  springing  up,  till  it  comes  to  be  well  settled^ 
caoses  the  weather  to  be  yarions ;  but  after  the  settled  westerly 
wind  comes  fresh,  they  have  been  constantly  without  those  shnf. 
iings  from  point  to  point. 

Here  it  is  to  be  observpd,  that  all  hurricanes  begin  from  the 
north  to  the  westward,  and  on  those  points  that  the  easterly  wind 
blows  most  nolently,  the  hurricane  blows  roost  fierce  against  it ; 
for  from  the  N.  N.  £.  to  the  £.  S.  E.  the  easterly  blows  freshest; 
so  does  the  W.  N.  W.  to  the  S.  S.  W.  in  the  hurricane  blow  most 
fiolent ;  and  when  he  comes  back  to  the  SG,  which  is  the  com. 
■M>n  course  of  the  trade,  wind,  then  it  ceases  of  its  riolence,  and 
so  breaks  up.  Thus  I  take  the  cause  of  hurricanes  to  be  the  sun's 
leaTing  the  zenith  of  those  parts  towards  the  south :  and  second- 
ly, the  reverse  or  rebounding  back  of  the  wind,  which  is  occa. 
sioned  by  the  calming  of  the  trade- wind. 

But  it  will  be  objected,  why  should  not  this  storm  be  all  oyer 
those  parts  of  the  West  Indies,  as  well  as  Barbadoes  and  the 
I^eward.islands  ?  To  which  1  answer,  that  it  has  in  about  26 
years  of  my  experience,  taken  its  course  from  the  Bermudas  to 
the  Caribees  ;  but  seldom  or  never  carries  such  a  breadth  as  from 
the  latitude  of  16  to  32  decrees,  which  are  the  latitudes  of  the 
places ;  but  it  has  been  observed,  that  when  hurricanes  have  been 
ia  Martinlco,  which  is  within  two  degrees  of  latitude,  and  two 
degrees  longitude,  according  to  the  miles  of  that  circle,  yet  no 
hurricane  has  been  in  Barbadoes ;  nor  could  I  ever  call  any  of  the 
former  storms  at  Barbadoes  hurricanes,  till  that  last  year  in  167 5. 
Ag^in  it  has  been  noted,  that  hurricanes  have  done  the  like  to  the 
aorthwards :  for  when  the  hurricane  has  been  in  Antigua  and  St. 
Christopher's,  those  ships  that  were  only  in  the  latitude  of  twenty 
degrees,  had  no  hurricane,  but  constant  westerly  winds,  reason, 
ably  hlTy  and  then  there  were  no  hurricanes  in  Bermudas ;  and 
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when  the  harricanes  were  at  Bermudas,  the  Leeward  or  Caribee 
Islands  bad  no  hurricane:  nor  had  those  islands  the  hurricane 
when  Barbadoes  had  it. 

It  may  be  also  objected,  whj  the  hurricane  was  never  known  to 
go  farther  to  the  westward  than  Porto*Rico,  which  lies  in  or  near 
the  latitude  of  those  islands  of  St.  Christopher  ?  To  this  I  answer, 
that  from  Porto  Rico,  downwards,  both  that  island  and  Uispaniola, 
as  well  as  other  adjacent  islands,  are  of  vast  magnitude,  and  very 
high  lands,  that  of  themselves  most  commonly  give  reversal  or 
westerly  winds  at  night,  through  the  year;  for  there,  for  the 
reasons  aforesaid,  the  easterly  wind,  towards  night,  calms,  and 
those  lands  afford  a  land. wind,  which  the  other  islands  cannot  do, 
by  reason  of  the  smallness  of  those  Caribee  Islands ;  but  very  near 
the  shore,  the  trade-wind  having  its 'full  power  till  this  general 
whirlwind  comes,  for  the  reasons  aforesaid.  I  do  imagine  likewise, 
to  the  southwards  of  Barbadoes,  where  the  tornadoes  come  fre. 
quently,  there  are  no  hurricanes;  nor  was  there  at  Barbadoes, 
when  these  tornadoes  commonly  came  there,  which  made  some 
small  reversal,  though  it  was  but  for  two  or  three  hours:  yet  the 
easterly  wind,  giving  some  way  by  the  sun's  declining  from  that 
zenith,  prevents  this  furious  reverse,  where  it  has  no  vent  till  it  is 
forced  by  the  violence  of  the  two  winds. 

IPhil.  Trans,  1698. 

2.  Hurricanes  of  (he  Indian  Coast. 

Dr.  Halley  seems  to  consider  the  hurricanes  which  blow  occa- 
sionally in  the  month  of  October  in  the  Gulf  of  Bengal,  as  of  a 
similar  nature  to  those  in  the  West  Indies,  in  which  probably  he 
is  right ;  but  at  the  same  time  it  is  evident,  that  he  has  been  mis- 
informed, respecting  the  time  they  generally  happen  in  the  East. 
He  observes  that  our  seamen  suppose  (hem  to  be  the  breaking  up 
of  the  monsoon.  In  this  circumstance  the  mariners  have  misled 
the  philosopher ;  for  the  hurricanes  seldom  happen  near  the 
change  or  breaking  up  of  the  monsoons,  but  generally  many  days 
after  their  commencement,  and  sometimes  about  the  middle  of 
them.  Both  the  N.E.  and  S.W.  monsoons  blow  at  first  in  fresh 
gales,  but  neither  of  them  encrease  to  violent  hurricanes.  It  is 
from  very  obvious  causes  already  snfliciently  explained,  that  the 
one  dies  gradually  away  before  the  other  begins.     But  we  will  first 
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adduce  uaqaestionable  proofs  of  these  facts,  and  then  endearoar 
to  ascertain  the  canses  of  thiin. 

The  first  hurricane  on  the  coast  of  Curomandel,  mentioDed  by* 
Mr.Orme,  in  his  History  of  Hindustan,  was  that  which  destroyed 
Le  Bourdonai's  fleet,  after  he  had  taken  Madras  in  the  year  174& 
He  attacked  this  fort  in  September,  which  surrendered  to  him  in 
less  than  a  months  on  condition  that  private  property  should  b* 
protected.  .But  Dupiuix,  the  go?ernor  of  Pondicherry,  disputed 
the  right  of  the  admiral  to  make  such  a  capitulation,  and  insisted 
on  his  seizing  all  property,  both  public  and  private.  The  corres. 
poodence  on  this  subject,  in  which  the  Tirtuous  admiral  strena^ 
onsly  defended  the  rights  of  individuals  and  his  own  honour,  de. 
tained  him  at  Madras  with  his  squadron  much  longer  than  otherwise 
he  iDteoded  to  have  stayed  ;  and  on  the  2d  of  October  came  on  a 
horricane,  which  in  a  few  hours  destroyed  almost  the  whole  French 
fleet,  and  in  which  twenty  other  ships  of  different  nations  wer« 
driTen  on  shore.  One  of  the  ships,  says  Mr.  Orme,  foundered  in 
an  instant,  and  only  six  of  the  crew  were  saved.  But  it  must  be 
remembered  that  four  vessels  laden  with  effects  sent  from  Madras, 
with  three  others  lately  arrived  at  Pondicherry  from  Europe,  were 
not  affected  by  this  hurricane  ;  the  violence  of  which,  therefore, 
did  not  extend  more  than  sixty  or  eighty  miles  to  the  southward. 

On  the  31st  ef  October,  1753,  Mr.  Orme  mentions  also  a  vio--^ 
lent  hurricane  on  land,  which  was  felt  mostly  near  Wandiwash  ; 
but  as  the  same  author,  who  is  in  general  equally  minute  and  cor- 
rect, takes  no  notice  of  any  bad  consequences  happening  from  it  at' 
sea,  we  may  reasonably  suppose  that  it  did  no  mischief  either  at 
Madras  or  Pondicherry,  although  its  principal  violence  was  felt 
nearly  half.way  between  both,  and  not  more  than  sixty  miles  in  » 
direct  line  from  either.  • 

The  next,  which  occurred  during  the  N.E.  monsoon,  was  on  the 
30th  of  December,  1760,  during  the  siege  of  Pondicherry.  On 
the  evening  of  that  day  the  weather  was  fair,  the  rains  had  ceased, 
and  there  were  regular  land  and  sea  breezes  ;  but  a  heavy  swell 
rolled  in  on  the  shore  from  theS.E.  'ihe  next  mortiing  the  sky  was 
of  adusky  hoe,  accompanied  with  a  closeness  in  the  air,  but  without 
that  wild  irregularity  which  prognosticates  a  hurricane.  Towards 
the  evenings  however,  the  wind  freshened  from  the  N.W.  and  at 
eight  at  night  encreased  considerably.      About  midnight  the  wind 
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VMffvd  MNUid  to  tke  N.E.  fell  calm  witk  a  thick  lune,  mod  in  a  few 
ainotet  after  Aew  rouod  to  the  S.E.  whence  it  blew  with  great 
Science.  Almost  all  the  ships  might  hare  been  sared,  bad  tbey 
taken  the  advantage  of  the  wind  blowing  off  the  land,  but  tlie 
roaring  of  tlie  wind  and  sea  prevented  the  captains  from  hearing. 
tlM  signals  for  standing  out  to  sea,  and  man  j  of  the  skips  were 
wrecked.  The  Newcastle,  Queenborough,  and  Protector,  were 
driven  on  shore  a  few  miles  S.  of  PoDdicherrjr,  and  the  crews  were 
anted.  The  Norfolk,  Admiral  Stevens,  returned  next  dttj  ;  and 
on  the  7th  came  in  the  Salisbury  from  Trinco  Triocomalay  S.  and 
tiie  Tiger  from  Madras  N. ;  so  that  in  these  opposite  directions  of 
E.N.  and  S«  the  violence  of  the  storm  had  not  been  felt.  It  is 
observed  by  mariners  in  the  East  Indies^  that  these  hnrricnoes 
usually  happen  once  in  fire  years ;  but  for  this  opinion  I  cao  find 
no  reason,  either  from  what  I  have  heard  from  others  or  kave 
myself  observed. 

The  nent  in  succession  to  that  of  1760.6I,  was  in  1763.  On 
the  SOtb  of  October  in  that  year«  many  days  after  the  N.E, 
monsoon  had  apparently  commenced,  the  wind  began  to  slacken, 
and  the  clouds  in  the  evooing  appeared  uncommonly  red,  partica* 
)ar)y  on  the  day  preceding  the  hurricane.  On  the  morning  of  tlM 
31  st'a  strong  wind  blew  off  the  land,  and  in  the  course  of  a  few  honrs 
flew  all  round  the  compass.  At  this  time  the  Norfolk  man  of  war. 
Admiral  Comisb,  with  the  America  and  Weymouth,  and  the  Royal 
Charlotte  country  ship  of  four  hundred  tons,  remained  in  Madraa 
roads,  with  several  other  country  vessels.  The  wind  began  to  blow 
from  the  N.  W.  and  continued  from  that  quarter  from  three  or  four 
hours,  of  which  time  the  men  of  war  availed  themselves  to  put  to 
sea,  but  it  then  suddenly  changed  to  the  eastward,  and  prevented 
most  of  the  country  ships  from  foHowing  their  example.  After 
having  blown  with  incessant  violence  for  fourteen  hours,  and  with 
almost  equal  strength  from  every  point  of  the  compass,  it  at  length 
ceased,  but  literally  left  only  wrecks  behind.  All  the  vessels  at  an 
anchor  were  lost,  and  almost  every  person  on  board  perished ; 
but  the  men  of  war  and  the  Royal  Charlotte  returned  into  the 
roads  on  the  94th.  The  former  had  felt  the  gale  very  severely 
whilst  near  the  coast,  but  without  sustaining  any  material  iiyury ; 
the  latter  vessel  likewise,  from  staying  rather  too  long  at  anchor, 
had  lost  her  fore  and  main.masts,  and  was  otherwise  much  da* 
maged. 
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The  last  of  these  harricaoes'on  the  coast  of  Coromandel,  whh!h 
U  seems  neceisarj  to  mention,  is  that  which  happened  on  the 
99th  of  October,  1708.  Of  this  saflicient  notice  was  given,  bat 
the  officers  of  the  Chatham  Indiaman,  then  in- the  road,  did  not 
ftTail  themselves  of  it ;  for  on  the  preceding  evening  the  sea  was 
▼ioientljr  agitated,  the  son  set  in  a  haie  deeply  tinged  with 
red,  with  every  other  prognostic  of  a  gale  of  wind.  But  unfor* 
tooatdj  there  had  been  a  misunderstanding  between  the  cap. 
tain  and  officers,  and  the  former  being  on  shore,  the  latter, 
probably  waiting  for  orders,  remained  at  anchor,  notwithstanding 
tliey  might  have  put  to  sea  with  the  N.W.  wind,  which,  as  nsnal 
at  the  commencement  of  these  hurricanes,  blew  off  the  land* 
Tlie  governor  and  council,  who  foresaw  the  danger  even  time 
enoogh  to  have  prevented  the  loss  of  the  ship,  ordered  signal  guns 
to  be  fired  with  shot,  by  way  of  directing  the  officers  to  weigh 
anchor  and  stand  out  to  sea;  but  either  they  did  not  hear  the  gunt, 
or  were  too  punctilious  in  waiting  for  orders,  and  in  consequence 
of  this  inflexibility  were  lost^  for  the  ship  was  never  seen  or  heard 
<if  after  the  close  of  the  evening  of  the  29th.  It  Is  possible  they 
were  not  able  to  dbtingnish  the  signal  guns,  for  many  of  the  inha. 
Iiitants  of  the  fort,  during  the  violence  of  the  hurricane,  did  not 
iiear  tliem,  and  the  flashes  of  the  guns  might  be  mistaken  by  this 
officers  of  the  »hip  for  those  of  lightning.  The  vessels,  lying  at  this 
time  at  a  single  anchor  in  the  open  road  of  Fondicherry,  were  not 
in  the  least  disturbed  by  this  hurricane ;  neither  were  the  eflfects  of 
it  in  the  smallest  degree  felt  at  any  of  onr  settlements  to  the  north, 
ward.  Ships  which  pot  to  sea  in  due  time  very  soon  get  beyond 
their  influence  to  the  eastward,  and  it  is  very  well  known  that  they 
never  extend  far  inland.  All  these  circumstances  properly  consi* 
dered,  clearly  manifest  the  nature  of  these  winds,  or  rather  po* 
^itively  prove  them  to  be  whirlwinds,  whose  diameter  cannot  be 
more  than  1%  miles,  and  the  vortex  seems  generally  near  Madras 
or  PnKcat,  where  a  branch  of  the  Ballagat  Mountains  extends  to. 
wards  the  sea.  Those  which  happen  in  the  N.E.  monsoon  gene, 
rally  fall  with  the  most  violence  within  a  few  leagues  of  this  place, 
and  never,  I  believe,  reach  to  the  S.  of  Porto  Novo. 

But  at  the  commencement  of  the  S.  W.  monsoon,  violent  gales 
are  sometimes  felt  on  the  east  side  of  Ceylon  and  the  southern  ex- 
tremity of  the  coast ;  these  however  shonld  be  considered  rather  a^ 
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tM  tail  of  thai  m  tiie  MaUbar  coast,  whicb  extends  itself  OTev 
Cape  CoflMriiiy  near  tlw  southern  eitremity  of  the  peuiosula*  lit 
that  gvarter,  howeter,  sacb  gales  seldom  occur,  and  are  alwaj5  of 
WDOi%  annuioo* 

One  instanea  aiAj  is  to  be  found  in  Mr.  Orme's  History  of  a  tic* 
littt  liarricane  to  tlie  southward*  la  this  instance,  which  happened 
Ml  the  ISth  of  April,  ITiO,  near  R)rto  Novo,  on  the  coast  of  Co* 
lomaiidai)  tw#  of  the  company's  ships  were  stranded  near  Codda. 
lore]  and  the  Namur,  one  of  Admiral  Boscawen^s  squadron,  with 
the  ApoUo  iMMpital  ship,  foundered.  This  is  the  only  instance 
taowQ  to  me,  ut  thirty* 6fe  years,  of  a  hurricane  on  the  Coroman* 
dW  coast  diiriii§  the  Sb  W.  monsoon,  and  the  effects  of  this  were  not 
Mft  beyond  11  degpeas  N. 

On  the  coast  <rf  Malabar,  howerer,  thia  monsoon  freqaently 
htowi  with  considerable  strength  at  the  commencement ;  but  k 
mmt  be  obserrad  that  it  does  not  begin  at  the  same  time  on  all  parts 
of  the  eoaat,  aor  doea  it  proceed  rapidly  in  its  coarse  towards  the 
N.  For  although  the  change  of  the  monsoon  generally  takes  place 
at  Attfengeabovt  the  tioM  the  san  becomes  Terticai  at  that  place,  it 
aetar  reaches  Bombay  bafture  the  middle  or  rather  the  end  of  May ; 
the  latitude  of  the  former  is  about  80*  3Cy  N.  and  of  the  latter  19 
degrees.  Ob  the  13th  of  April  the  sun  b  vertical  at  Anjengo,  and 
about  the  15th  of  May  at  Bombay.  If  then  the  difference  of  lali* 
tade  and  dediaAtion  be  compared,  it  will  be  found  that  the  snu  and 
fte  moMooB  mof  e  almost  precisely  together,  at  the  rate  of  aboni 
/Iwesty  aMea  par  day :  a  circumstance,  which  above  all  others  tends 
le  prove  that  the  sun's  motion  in  the  ecliptic  is  the  primary,  if  not 
fte  sole  easa  of  the  motion  of  the  air,  or  rather  of  the  course  of 
the  wind,  at  least  in  this  part  of  the  world,  I  mean  on  the  Ma)ll* 
bar  coast. 

Monsieer  D^Apves  however  remarks,  that  the  N.E.  monsoon,  in 
the  Moiambiyia  Channel,  begins  at  the  north  end  of  Madagascar 
and  aasongst  the  Comero islands.  In  the  first  week  of  November; 
and  at  St,  Augustine's  Bay  to  the  southward,  at  the  end  of  the  same 
mooliL  If  the  distance  of  those  two  places  in  like  manner  be  di» 
Tided  by  the  nvmber  of  days,  it  will  be  found  to  correspond  near^ 
with  the  daily  difference  of  the  snn*s  declination ;  conseq[i|ent^ 
this  fact  will  farther  corroborate  the  truth  of  this  hypothesis  ;  for 
the  aatiiipdadeaaa  between  the  motion  of  the  monsona  and  |h* 
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milij  in  lodky  b«t  lik^wiM  hi  liotli  the  oorCliera  ud  •outlMni 
mispbent* 

I  hmr%  no  aiidieiitic  aocouDt  of  hurricanes  on  the  Malabar  coaat ; 
bvt  I  reeoilect  to  ha?e  heard  of  one  whkh  happened  in  the  OMnith 
of  Mqr^  l7tf,  off  Goa,  and  of  a  seeood  near  Anjenfo,  which  took 
place,  I  belief  e,  about  the  middte  of  April,  1779.  One  of  te 
conpanjr'a  crnisers  was  at  that  tfane  Ijring  at  an  anchor  in  the  road) 
it  attempted,  too  late,  to  put  to  sea,  but  was  aerer  aflerwaids 


From  these  accoants  it  seems  fetj  clear,  thai  hnrricanes  nerov 
tiappen  at  the  breaking  up  of  the  monsoons,  nor  precisely  at  their 
commencement,  bnt  ratlwr  some  time  after  tlie  change,  and  that 
they  are  local  nd  of  short  duration.  But  this  description  of  them 
h  not  contned  to  the  Malabar  ooast,  nor  to  that  of  Coromandel, 
thej  rage  with  equal  if  not  superior  Tiolence  in  the  southern  ho. 
mispfcaru,  particnfauljr  about  the  latitude  of  90  degrees  &  near  the 
Fraidi  islands^  where  flMmj  ships  haTe  been  in  great  danger  of  pe« 
risking  from  ttleir  eftcts,  amongst  the  rest  tlie  Ilchester  Indnroan, 
in  dko  year  1757.  But  Hm  most  accurate  and  nnthentic  account, 
widdl  I  have  receired  of  hurricanes  in  these  latitudes,  was  that  tf 
the  hurricane  which  the  Britannia  Indiaman  encountered  in  the 
year  1770.  On  the  10th  of  March,  about  midnight,  the  wbd  su4» 
denly  burst  upon  the  ship  from  the  S.E.  and  blew  with  coniiderabk 
Ibroe,  but  shifted  all  round  the  compass  in  the  course  of  a  few 
honrs.  Between  fire  and  riz  in  the  morning  a  sudden  gust  carried 
away  their  topmasts  and  gib^lxiom,  when  lying  to  under  a  be^ 
huMed  misea ;  and  nearly  about  the  same  instant  the  jolly.boa^ 
hanging  orer  the  side  by  the  miien  chains,  wu  suddenly  whirled  nf 
ttto  the  miaen  shrouds,  whence  it  fell  into  the  sea,  and  was  ^bshed 
in  piacea.  The  wind  baring  blown  nearly  wltt  equal  etrength  from 
eppoiitn  quarters,  prerented  the  sea  from  riiiqgf  to  that  at  the  end 
oT  Inii  boufs,  when  it  subsided,  the  set  bote  but  rery  littlo  appeaiw 
mce  of  baring  been  rioleotly  ligitated. 

The  IbUdwing  day,  the  rigging  being  repdred,  thsj  proceeded  % 
bw  la^uea  to  the  westward,  and  met  a  Frsoch  Teasel  that  bad  not 
Mt  tifea  hurricane ;  tiiey  were  lihaewise  orertaken  by  another  ship 
wUeb  had  Mlowed  the  same  track  aa  tho  Britannia  without  ntm 
fcrii^ttaleistiufiOBfenifQQeframit.    Tbws  fjImymUMwrn  piofi 

lit 
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positiTelj,  that  in  an  east  and  west  direction,  this  hurricane  had 
Dot  extended  aboTO  90  leagues,  and  likewise  that  the  ship  wu 
nearly  in  its  centre. 

Thus  then  it  appears  that  these  tempests  or  hurricanes  are  tor- 
nadoes^ or  local  whirlwinds,  and  are  felt  with  at  least  eqaal  tio- 
lence  on  the  6«a.coast,  and  at  some  little  distance  out  at  sea*  But 
there  is  a  material  difTerence  in  the  situation  of  the  sun  when  they 
appear  at  difierent  places.  On  the  coast  of  Coromande),  for  ex- 
ample, they  seldom  happen,,  particularly  to  the  northward,  except 
when  the  sun  is  in  the  opposite  hemisphere.  On  the  Malabar 
coast  they  rage  with  most  violence  during  the  monsoon,  whilst  the 
sun  is  almost  Terticah  Near  the  island  of  Mauritius  they  are  felt 
in  January,  February,  and  March,  which  may  be  deemed  their 
summer  months.  And  in  the  West  Indies,  according  to  Mr*  Ed., 
wards's  History  of  Jamaica,  the  hurricane  season  begins  in  August 
and  ends  in  October. 

[^Capper. 

3.  Hurricane  in  Huntingdonuhirey  Scpt^  8,  1741. 
By  Mr.  S.  Fuller,  of  Trio.  Col.  Camb. 

This  was  the  most  violent  hurricane  of  wind  in  these  parts,  that 
e? er  was  known  since  the  memory  of  man.     Cambridge  was  not  in 
the  midst  of  the  hurricane,  so  that  it  has  escaped  rery  well.     Mr. 
F.  happened  to  be  at  Bluntsham  in  Huntingdonshire,  about  ten 
miles  north.west  of  Cambridge.     They  were  there  in  the  midst  of 
the  hurricane.     The  morning,  till  harf  an  hour  after  eleven,  wtt 
still,  with  yery  hard  showers  of  rain.     At  half  after  eleven  it  be- 
gan to  clear  up  in  the  south,  with  a  brisk  air,  so  that  they  expected 
a  fine  afternoon.     The  south. west  cleared  up  too,  and  the  sun 
sBiniog  warm  drew  them  out  into  the  garden.     They  had  not  been 
out  abave  ten  minutes,  before  the  storm  was  seen'  coming  from  the 
aomth-west :  it  seemed  not  to,be  thirty  yards  higfh  from  the  ground, 
bringing  along  with  it  a  mist,  rolling  along  with  such  incredible 
swiftness,  t^at  it  ran  about  a  mile  and  a  half  in  half  a  minute.     It 
b^gan  exactly  at  twelve  o'clock,  and  lasted  about  thirteen  minutes, 
eight  minutes  in  full  violence  :  it  presently  uncovered  the  house, 
and  some  of  the  tiles,  falling  down  to  windward,  wera  blown  in  at 
tlie,  sashes,  and  against  the  wainscot  on  the  other  side  of  the  room  ; 
tka  broken  glass  was  blown  all  oter  the  room ;  the  chimneys  «U 
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escaped ;  but  the  fliataet  od  the  top  of  the  houie,  aod  the  ballu- 
•tiadet  from  one  ead  to  the  other,  were  all  blown  down.  The 
atabling  was  all  blown  down,  except  two  little  stalli.  A II  the  barns 
in  the  parish,  except  those  that  were  fall  of  corn  quite  up  to  the 
top,  were  blown  flat  on  the  ground,  to  the  nuinb«*r  of  about  sixtjr. 
The  dwelling-houses  escaped  best ;  tjiere  were  not  above  tweWe 
blown  4I011B,  out  of  near  one  hundred.  If  the  storm  had  lasted  fi?e 
aiinutes  longer,  almost  erery  house  in  the  town  mnst  ha? e  been 
down ;  for  they  were  all,  in  a  manner,  rocked  quite  off  from 
their  underpinnings.  The  people  all  left  their  houses,  and  carried 
tbeir  children  out  to  the  windward  side,  and  laid  them  down  on  the 
giovnd,  and  laid  themseWes  down  by  them ;  and  by  that  means  all 
escaped,  except  one  poor  miller,  who  went  into  his  mill  to  secure 
it  against  the  storm,  which  was  blown  orer,  and  he  was  crushed  to 
death  between  the  stones  and  one  of  the  large  beams.  All  the  mills 
in  the  country  are  blown  down*  Hay-stacks  and  corn.stacks  are 
some  quite  blown  away,  some  into  the  next  comer  of  the  field* 
The  poor  pigeons  that  were  caught  in  it,  were  blown  down  on  the 
ground,  and  dashed  to  pieces.  Wherever  it  met  with  any  boarded 
bouses,  it  seemed  to  exert  more  than  ordinary  violence  on  them, 
and  scattered  their  wrecks  above  a  qusrter  of  a  mile  to  the  north- 
east in  a  line  :  Mr.  F.  followed  one  of  these  wrecks;  and  about 
150  yards  from  the  building,  he  found  a  piece  of  a  rafter,  many  feet 
long,  and  about  six  inches  by  four,  stuck  upright  two  feet  deep  in 
the  ground  ;  and  at  the  distance  of  400  paces  from  fho  same  build- 
ing, was  an  inch  board,  nine  inches  broad,  fourteen  feet  long  :  these 
boards  were  carried  up  into  the  air ;  and  some  were  carried  over  a 
pond  above  thirty  yards ;  and  a  row  of  pales,  as  much  as  two  men 
could  lifty  were  carried  two  rods  from  their  places,  and  set  upright 
against  an  apple-tree.  Pales,  in  general,  were  all  blown  down, 
some  posts  broke  off  short  by  the  ^-ound,  others  torn  up  by  the 
stumps.  The  whole  air  was  full  of  straw  :  gravel-stones,  as  large 
as  the  top  of  the  little  finder,  were  blown  off  the  ground  in  at  the  wir» 
dows  ;  and  the  very  grass  was  blown  quite  flat  on  the  ground.  After 
the  storm  was  over,  he  went  out  into  the  town,  and  such  a  miser- 
able sight  he  never  saw  :  the  havoc  above  described  ;  the  women 
and  children  crying,  the  farmers  all  dejected  ;  some  blessing  God 
for  the  narrowness  of  their  escape,  others  wondering  how  so  much 
mischief  conld  be  done  with  one  blast  of  wind,  which  hardly  lasted 
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long  enoagh  for  people  to-g^tottt  of  iMr^oiiset.  Two  pofifle,'tet 
if  ere  out  in  k  oU  the  time,  wMj  tkit  they  heard  it  eoaiog 
half  a  minute  before  they  saw  it ;  and  that  it  mlule  a  noito 
biing  thunder,  more  continued,  and  continually  increasing.  A  «an 
came  from  St.  Ives,  who  says,  the  spire  of  the  steeple,  one  of  ikt 
finest  in  England,  was  blown  down,  as  was  the  spire  of  Heannlnf. 
lord,  the  towns  having  received  as  mnch  damage  as  Blontahaa. 
There  was  neither  thunder  nor  lightniag  with  it,  as  there  waa  at 
Cambridge,  where  it  lasted  abof  e  half  an  hour,  and  conseqiiMitlj 
was  not  so  violent.  Some  few  booths  in  Sturbridgo-fair  warn 
UowB  down.  The  course  of  the  storm  was  from  HnntiiigdoB  to 
St.  Ivea,  Erith,  between  Wisbeach  and  Dowoliam  to  Lynn^  aod  ao 
mt  to  Suetsham.  Very  few  trees  escaped :  tiie  bams  that  stood 
the  storm,  had  all  their  roofii  mors  damaged  to  the  ieew«fd  side 
4luui  to  the  windward.  The  storm  was  socceeded  by  a  proieuHl 
<calm,  whioh  lasted  abont  an  hour ;  after  which  tlie  wind  oontiiiiied 
.^tty  high  till  ton  o'clock  at  night 
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4.  Tempesi  at  fVigton  in  Cumberland. 
By  Mr,  T.  Tbonliiwoii. 

On  the  6th  of  October,  1756,  at  night,  happened  a  most  violent 
hvrricane,  such  as  has  not  been  known  in  these  parts  in  any  one^s 
memory.  It  lasted  four  hours  at  least,  from  about  eleven  till  three. 
The  damage  it  has  done  is  very  deplorable.  The  corn  has  sufiered 
prodigftiusly.  Stacks  of  hay  and  corn  have  been  entirely  swept 
away :  houses  unroofed,  and  in  several  places  driven  down  by  its 
fury :  trees  without  number  torn  up  by  the  roots ;  others  snapt  off 
by  the  middles,  and  their  fragments  scattered  ofer  the  adjoining 
fields.  Some  were  twisted  almost  round,  or  split  down  to  the  very 
ground  ;  and,  in  short,  left  in  such  a  shattered,  mangled  condition, 
as  scarcely  any  description  can  give  sn  adequate  idea  of.  The 
change  in  the  face  of  the  country  was  very  snrprising  in  one  single 
night :  for,  to  complete  the  dismaily.desolate  scene,  the  several 
tribe  s  of  vegetables  (in  all  their  verdure  the  day  before),  as  if 
blasted  withssthereal  fire,  hung  down  their  drooping  heads.  £very 
herb,  every  plant,  every  flower,  had  its  leaves  withered,  shrivelfed 
up,  and  turned  black.   The  leaves  on  the  trees,  espetllRy  on  flie 
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M^y  fared  in  ilm  lamt  numiier.     TIm  erergreeot  aloat 

to  iMnre  escaped.    The  grass  also,  in  a  few  days  tlma^  reoo- 

itwlf  in  a  great  meunre, 

Mr.T.  agreed  at  first  with  the  generality  of  people  in  their  opi» 

ly  that  lightning  had  done  all  this  mischief:  but  on  recollecting 

that  there  bad  not  been  much  seen  any  where,  in  many  placet  noaa 

at  sll,  but  that  the  effect  was  general,  as  far  as  ever  the  wind  baA 

pracbad  ;  be  began  to  thmk  that  some  other  causa  might  probabljr 

ba  astigncd.     Accordingly,  he  examined  the  dew  or  rain,  which 

bad  fallen  <»n  the  grass,  windows,  li^.  in  hopes  of  beiag  enabled,  by 

ill  tasta,  to  form  some  better  judgment  of  tbe  salpbureovt  or  nitrous 

particles,  or  of  whatever  other  quality  they  wera^  with  which  tba 

«ir  was  so  strongly  impregnated  that  night,  as  to  prodaoa  wtUk 

llnnge  effects.     Nor  was  he  deceived  m  hk  ei|)ectations :  for  «s 

fatting  it,  he  found  it  as  brackish  as  any  sea*  water.    The 

Tcgetables  also  which  he  tasted  were  all  salt,  more  or  Ittt^  and 

tinned  so  for  five  or  sia  days  after ;  tha  saline  particles  iiot  being 

then  washed  off,  from  the  corn  and  windows  in  particular ;  tba 

latter  of  which,  when  the  moisture  on  the  onttlda  wat  aabaled  neat 

day,  sparkled  and  appeared  eaceedingly  brilUant  in  tha  sanshiiiaw 

The  saltness  he  conceived  had  done  tbe  prindptS  damage;  for 

common  salt  dissolved  in  water,  he  found  on  azpettneot  on  tooM 

fresh  Tegetables,  when  sprinkled  two  or  three  timet,  oti  them,  hat 

tbe  very  same  effect,  except  that  it  does  not  turn  tbam  qnita  so 

black  ;  but  particles  of  a  sulphureous  or  Mother  quality,  may  hava 

^een  mixed  with  it.    That  this  salt  water  had  been  brooght  from 

the  seat,  every  body  will  allow  ;  but  tbe  manner  bow):,  is  Ml 

to  easy  to  conceive  §• 

IPkil.  TrM9.  17i7« 

*  In  an  adjoiaing  bleach- yard,  a  piece  of  doth,  which  bad  heca  left  aaC  all 
night,  was  toracd  yellow  |  and  wat  not  without  lomc  ditkaKy  waihcd  oat 
again.  Some  also,  which  wat  ipread  out  the  next  day,  coatiaeted  Ae 
cekNa«*--Ofig. 

f  The  wiad  was  westerly,  and  consequently  wonld  sweep  the  IrUi 

I  Ne  nda,  or  however  very  little,  during  the  harricaae.— Orig. 
)  Oar  readers  will  find  wiiIom  Instances  of  nch  drtcent  of  tallne  particle i  in 
ibe  peeeedlag  chapter  xxsia,  tcctioa  v,  where  they  win  also  perceWc  that  the 
writer  ssust  be  mkttkiem  la  ascribing  any  part  of  the  niichief  to  tbe 
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5.  General  Remarki  on  Tornados  or  Whirlwindf. 

It  has  long  been  supposed  that  these  phaenomena  are  immediatelj 
connected  with  atmospheric  electricity,  and  produced  by  its  irre. 
gular  diflTusioti :  and  it  must  be  obvious  from  the  preceding  articles 
in  this  section,  (hat  hurricanes,  or  wind. tempests,  arc  precisely  of 
the  same  nature  as  tornados  or  whirlwinds,  only  somewhat  less  de* 
fined  and  limited  in  tneir  action. 

The  ancients  supposed*,  that  there  were  great  varieties  of  whirl. 
winds,  of  which  Pliny  and  Seneca  gi?c  different  accounts. 

The  tyhon,  rvfu/y^  is  defined  by  them,  vortex  ignefaetuSy  a  Tor« 
iex  produced  by  fire,  whi.^h  causes  dreadful  hurricanes  of  wind) 
aod  destroys  all  things  that  come  within  its  reach. 

The  pre<iter  coTTci  from  ir^ijfia;;  incendo,  inflammo.  It  was  said 
to  break  forth  with  strong  Hashes  of  lightnings  and  to  be  generally 
accompanied  with  an  ecnephias. 

The  latter  is  from  vc^o; ,  nubeSy  and  is  described  as  a  sudden  anj 
impetuous  wind,  bursting  forth  from  a  dark  cloud  with  little  r^in. 

The  exhydria  was  a  violent  whirlwind,  attended  with  a  great 
quantity  of  rain,  and  in  fact  the  principal  difference  between  an 
^xhydria  and  an  ecnephias  was  in  the  quantity  of  rain  or  water, 
which  they  were  supposed  to  contain. 

These  whirlwinds  are  evidently  of  the  same  family,  all  the  fea. 
tures  of  them  being  exactly  similar,  with  some  slight  variations  of 
character. 

When  a  sudden  and  violent  change  is  produced  by  fire,  either 
common  or  electrical,  in  a  considerable  body  of  the  atmosphere, 
the  air  from  all  sides  suddenly  rushes  forward,  and  consequently 
concentrating  to  a  point,  forms  a  vortex  ;  and  when  the  cohesion 
of  the  air  is  broken,  it  will  also  of  course  precipitate  the  water  it 
contains,  and  produce  an  ecnephias  or  exhydria ;  or  where  there 
is  bvt  little  moisture  in  the  atmosphere,  a  typhon  or  prester.  The 
two  first  are  probably  the  ascending  whirlwinds,  the  others  those 
which  descend. 

Air  ascending  or  descending,  says  Dr.  Franklin,  may  form  the 
same  kind  of  eddies  or  whirlings^  the  parts  of  air  requiring  a 
circular  motion,  and  receding  from  the  middle  of  the  circle  by  a 

*  There  is  a  little  iDcorrectness  in  this  explanation  of  whirlwindsy  as  t^ 
reader  will  perceive  oo  turning  to  chapter  ili,  section  i^ 
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eentrifoipil  forc«y  and  letviag  there  a  TacaDcy.  If  descending,  it 
will  be  grealetl  above  and  will  lessen  downwards.  If  ascending,  U 
will  be  gieateat  below  and  will  lessen  upwards,  like  a  speaking  trnm. 
pet  stamKng  with  the  largest  end  on  the  ground. 

Wben  the  air  descends  with  liolence  in  some  places,  it  may  rise 
with  equal  Tiolence  in  others,  and  form  both  kinds  of  whirlwinds* 
TIm  air  in  its  whirling  motion  receding  erery  way  from  the  centre 
or  axis  of  the  trumpet,  leaves  there  a  facuum,  which  cannot  be 
filled  through  the  sides,  the  whirling  air  as  an  arch  pretenting;  it 
msst  then  press  in  at  the  open  ends.  The  greatest  pressure  in* 
Wttrds  nint  be  at  the  lower  end,  the  greatest  weight  of  the  sur. 
rounding  atmosphere  being  there ;  the  air  entering  rises  within, 
«id  carries  up  dust,  leaves,  and  hearier  bodies,  that  liappen  to  be 
•la  its  way,  as  the  eddy  or  whirl  passes  orer  land. 
-r  If  it  passes  orer  water,  the  weight  of  the  surrounding  atmo. 
ipiwte  forces  up  the  water  into  the  yacuity,  part  of  which  by  do- 
fraea  joins  with  the  whirling  air,  and  adding  weight,  and  receiving 
•Mcelerated  motion,  recedes  still  further  from  the  centre  or  axis  of 
'41ie  tmrop  as  the  pressure  lessens,  and  at  last,  as  the  trump  widens, 
is  broken  Into  small  particles,  and  so  united  with  air  as  to  be  sup. 
ported  by  it,  and  become  black  clouds  at  the  top  of  the  trump. 

Tbns  these  eddies  may  be  whirlwinds  at  land  and  water.sponts  at 
sea.  A  body  of  water  so  raised  may  be  suddenly  let  fall,  when  the 
motion,  &c.  has  not  strength  to  support  it,  or  the  whirling  arch  is 
broken  so  as  to  admit  the  air  falling  into  the  sea.  It  is  harmletf, 
unless  ships  unfortunately  happen  to  be  directly  under  it ;  but  if  in 
the  progressive  motion  of  the  whirl  it  has  moved  from  the  sea  over 
the  land,  and  there  suddenly  breaks,  violent  and  mischievous  tor« 
rents  are  the  consequence. 

iCapper^ 

6.  Dreadful  Whirlwind  at  Cambridge  in  New  England. 

By  Professor  Winthrop. 

The  morning  of  July  10,  176 1«  at  Cambridge,  was  fair  and  hot 
with  a  brisk  gale  at  south.west.  The  afternoon  was  cloudy. 
About  five  it  began  to  rain,  and  thundered  once.  At  Leicester, 
forty  miles  westward,  about  five  o'clock  the  sky  looked  strangely ; 
dottds  from  the  south. west  and  north. west  seemed  to  rush  to* 
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getber  rery  swiftly,  and  immediattlj  mt  tMr 
m  circular  motion ;  presently  after  wUcb  a  tariUaMrtia  fMM 
The  whirlwind  passed  along  fjroai  sonduwrst  to  oortb-wast*  h% 
first  effects  were  discamible  on  a  hHI,  wKaro  seiwal  tlnsta  wets 
thrown  down  at  considerabla  distaooas  from  eafih  otlwr>  la  tMa 
maoner  it  proeeadad  the  distuica  of  six  milas  with  the  maU  destrfab 
tiTe  violence,  tearing  up  and  scattering  about  the  treaa, 
fences,  and  erary  thing  else  in  its  way,  forming  a  oootiMied 
of  rains,  of  a  few  rods  wide. 

It  mat  with  only  one  dwallhig-housa  in  its  ooorsa^  that  of  ooa 
DaTid  Ljnde,  on  which  it  fell  with  the  utmost  fary,  and  io  a  m0h 
SMttt  oflKsctad  its  complete  dastrnction. 

The  houaa  was  of  wood|  two  atortas  h^^,  and  bath  tW 
aeys of  stona.  Naar  tha  iMaaa  weia  a  slwp  and  aaMll  shad; 
the  bam  stood  an  tiia  opposite  sida  of  tha  road,  ahaat  tia  lada  dh« 
taat  As  aaon  as  thqrperoairad  tha  stona  caariag  naar  Ikai 
aoma  men  within  endaafoared  to  shat  te  aoatk  door  |  bal 
liiey  oonld  aiact  it  they  ware  surprisad  by  tha  folliog  af 
aroond  tham,  from  the  top  of  the  cbimnay  which  was  ia  tha 
die  of  tha  house.  All  tha  people  in  tha  housa  wara  ia  that 
stant  thrown  into  snch  a  constemationi  that  tliey  can  gira  aa 
count  of  what  passed  during  this  scene  of  confusion,  whidi  was 
indeed  rery  short  WiMra  tlie  house  stood  nothing  remained  hat 
the  sills,  and  greater  part  of  the  lower  ioor,  with  part  of  the  two 
atacks  of  chimneys,  one  about  ten  feet^  and  tha  other  not  quite  so 
high;  the  stones  which  had  composed  the  upper  part  Ijridg  ail 
around  them.  Except  these  sills,  tiiere  were  only  three  pieces  of 
timber,  and  those  rery  large,  left  entire;  one  of  which,  about 
sixteen  feet  long,  and  ten  inches  by  eight,  was  found  on  the  op* 
posite  side  of  the  road,  nearly  south,  about  twenty  rods  distant 
from  the  house.  The  rest  of  the  timbers,  from  the  greatest  to  the 
least,  fay  broken  and  twisted  to  pieces  between  N.N.E.  and  B.  for 
seventy  or  eighty  rods  from  the  house  ;  some  on  the  ground,  others 
sticking  into  it  a  foot  and  two  feet  deep  in  all  directions.  Pkrtof 
one  of  the  main  posts,  about  ten  feet  long,  with  part  of  one  of  the 
plats  of  nearly  the  same  length,  and  a  brace  which  holds  them 
together,  were  left  sticking  in  the  ground,  nearly  perpendfcahnr, 
to  a  great  depth,  in  a  field  southerly  from  the  house,  aboat  aight 
rods  distant.    The  boards  and  shingks  of  the  holtsa,  thraa  or  fear 
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IlioiiiiaJ  ••«  boMrdt  which  lay  by  it,  wen  to  entirely  shattered, 
ihift  acMMiy  a  pieee  could  be  foond  aiboTe  four  or  five  inches  wide, 
And  vast  aavilMra  were  not  more  than  two  ingers  wide ;   some 
WitUn  dw  couffie  of  tlie  wind  and  some  without,  at  great  distances 
:  on  both  aides  of  it.    What  has  been  snid  of  the  boards  and  shingles 
.JIDM  likewise  true  of  the  wooden  furniture  of  the  house :  the  tables^ 
ohasrs,  desks,  Ike.  shared  tlie  same  fate ;  not  a  whole  sticlE  was 
.  le  bo  found  of  any  of  them.     Some  of  the  beds  thut  were  found 
were  hanging  on  high  trees  at  a  distance.     Of  the  heary  utensils, 
pewter,  kettles,  and  iron  pots,  scarcely  any  was  found.     Some 
miilir  that  were  in  a  cask  in  the  east  chamber  were  driven  in  great 
nnmbers  into  the  trees  on  the  eastern  side  of  the  house.     The  sliop 
^#p4  sbed  before  mentioned  were  torn   in  pieces,  nothing  of  the 
^ikop  voviaiaed  but  the  sills  and  floor ;  and  a  horse  standing  under 
..tboislinA^as  killed.     Only  one  person  was  killed. 
^itJinm  (be  whole,  it  seems  highly  prolMbie  that  tlie  house  was 
.  nukktily  plncked  off  from  the  sills  (to  which  the  upright  posts  are 
not  fastened^,  and  taken  up  into  the  air,  not  only  aboTethe  beads  of 
the  penons  who  were  on  the  lower  floor,  but  to  the  height  of  those 
parts  of  the  chimneys  which  were  left  standing,  where,  by  the  rio* 
lent  circular  motion  of  the  air,  it  was  immediately  hurled,  into  ten 
thousand  pieces,  and  scattered  to  great  distances  on  all  quarters, 
axcept  that  from  which  the  wind  proceeded.     And  it  further  ap* 
pears,  that  the  Tiolence  of  the  wind  in  that  place  was   oTer  as 
soon    as  the  house  was  taken  up;    otherwise    no  person  could 
have  been  left  on  the  floor. 

lPhiLTrani.\76\. 

7.  Whirlwind  at  CornC'Jbbas  in  Dorsetshire. 

By  Mr.  J.  Dorby. 

On  Saturday  October  30,  1731,  about  a  quarter  before  one 
in  the  night,  there  happened  at  Corne.Abbas,  at  Dorsetshire,  a 
very  sudden  and  terrible  wind  whirKpiiflP,  as  Mr.  D.  calls  it : 
some  say  it  was  a  water.spout,  and  others  a  vapour  or  e.\ halation 
Iron  the  earth.  It  began  on  the  south-west  side  of  the  toivn^ 
jmising  directly  to  the  north-east,  crossing  the  middle  of  the  town 
in  breadth  20O  yards.  It  stripped  and  uncovered  tiled  and  thatched 
bouses,  rooted  trees  out  of  the  ground,  broke  others  in  the  midst, 
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of  at  least  a  foot  square,  and  carried  the  tops  a  considerable  waj # 
The  sign  of  the  new  inn,  a  sign  of  five  feet  by  fonr,  was  broken  off 
six  feet  in  the  pole,  and  carried  cross  a  street  of  fortjr  feet  breadth^ 
and  over  an  opposite  house.  It  took  oflf  and  threw  down  the  pi- 
oacles  and  battlements  of  one  side  of  the  tower ;  by  the  fall  of 
which,  the  leads  and  timber  of  great  part  of  the  north  able  of  the 
church  were  broken  in.  The  houses  of  all  the  town  were  so 
shocked,  as  to  raise  the  inhabitants.  No  hurt  was  done  but  only 
across  the  middle  of  the  town  in  a  line.  Nor  no  life  lost.  No 
other  part  of  the  neighbourhood  or  country  so  much  as  felt  or 
heard  it.  It  is  supposed  by  the  most  judicious,  that  it  began  and 
ended  within  the  space  of  two  minutes.  It  was  so  remarkably 
calm  a  quarter  after  twelre,  that  the  exciseman  walked  throogh 
two  streets,  and  turned  a  corner,  with  a  naked  lighted  candle  in  hi* 
hand,  unmolested  and  undisturbed  by  the  air ;  and  as  soon  as  OTer, 
a  perfect  calm,  but  was  soon  followed  by  a  surprising  Tiolebt  rain, 
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8.  Relation  of  two   considerable  Hurricanes  in 

Northamptonshire  ♦. 

By  Mr.  John  Templer. 

October  30,  1669,  between  die  and  six  o'clock  in  the  after- 
noon, the  wind  being  westerly,  at  Ashly,  in  Northamptonshire, 
there  happened  a  formidable  hnrricane,  scarce  bearing  sixty  yards 
in  its  breadth,  and  spending  itself  in  about  seven  minutes  of  time. 
Its  first  observed  assault  was  on  a  milk-maid,  taking  her  pail  and 
hat  from  off  her  head,  and  carrying  her  pail  many  scores  of  yards 
from  her,  where  it  lay  undiscovered  some  days.  Next  it  stormed 
the  yard  of  one  Sprigg,  in  Westthorp,  a  name  of  one  part  of  the 
town,  \ihere  it  blew  a  waggon  body  off  the  axle-trees,  breaking 
the  wheels  and  axle-trees  in  pieces,  and  blowing  three  of  the 
wheels  so  shattered  over  a  wall :  this  waggon  stood  somewhat  cross 
to  the  passage  of  the  wind.  Another  waggon  of  Mr.  Salisbury's 
was  driven  with  great  speed  on  its  wheels  against  the  side  of  his 

«  Perhaps  these  ought  rather  to  be  called  tornados  or  whirlwinds,  than  har- 
ricanesy  we  have  retained,  however,  the  term  employed  in  the  original,  and 
have  chie^  copied  tbcm  to  sh^v  how  nearly  the  whirlwind  and  hurricane 
are  onited.^-EDiToa. 
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lloase*  A  branch  of  ao  ash-tree,  so  large  that  two  stout  men  could 
scarce  lift  it,  was  blown  OTer  Mr.  Salisbury's  house,  without  hurt- 
ing  it ;  and  jet  this  branch  was  torn  from  a  tree  100  yards  distant 
from  the  house.  A  slate  was  carried  near  200  yards,  forced  upon 
a  window  of  the  house  of  Samuel  Tern  pier,  Esq.  and  rery  much 
bent  an  iron-bar  in  it  Not  to  take  notice  oi  its  stripping  of  se« 
veral  houses ;  one  thing  is  remarkable,  which  is,  that  at  Mr. 
Maidweil's  it  forced  open  a  door,  breaking  the  latch ;  thence  pass- 
ing through  the  entry,  and  forcing  open  the  dairy  door,  it  o?er. 
turned  the  milk  Tossels,  and  blew  out  three  panes  or  lights  in  the 
window :  next  it  mounted  the  chambers,  and  blew  out  nine  lights 
more.  It  tore  off  a  great  part  of  the  roof  of  the  parsonage-house. 
It  blew  a  gate.post,  fixed  two  feet  and  a  half  jn  the  ground,  out  of 
the  earth,  and  carried  it  many  yards  into  the  fields. 

The  other  instance  was  October  13,  1670,  at  Braybrook,  like- 
wise in  Northamptonshire,  about  eleven  o'clock ;  when  the  wind) 
in  a  storm,  assaulted  a  pease*  rick  in  the  field,  uncovering  the  thatch 
of  it,  without  touching  another  only  twenty  yards  off.  Thence 
it  proceeded  also  to  the  parsonage,  by  a  narrow  current,  scarce 
eight  yards  in  breadth,  blowing  up  the  end  of  a  barley-rick,  there- 
with some  stakes  in  it  of  near  fire  feet  long ;  without  touching  a 
wheat-hovel,  within  six  yards  of  the  barley.rick.  It  beat  down  a 
jack-daw  from  the  rick  with  that  violence  as  forced  the  guts  out  of 
the  body,  and  made  it  bleed  plentifully  at  the  mouth.  Thence  it 
went  in  a  right  line  to  the  parsonage.house,  and  took  off  the  cover 
of  all  the  houses  in  its  compass.  From  hence  it  passed  over  the 
town  without  any  damage,  the  rest  of  the  town  being  low  in  situ^ 
ation,  and  went  on  to  a  place  called  Forthill,  where  it  uncovered 
so  much  of  a  malt-house  as  lay  within  its  line  and  breadth. 

Braybrook  stands  in  a  valley,  environed  by  hills  on  three  sides, 
at  three  quarters  of  a  mile  distance  from  it.  There  is  also  a  hill 
called  Clackhill,  within  a  mile  of  it,  and  exactly  in  that  point  of 
the  compass  in  which  the  wind  then  blew :  no  other  hill  in  its 
way  till  the  wind  had  passed  over  all  the  places  it  damaged.  There 
have  also  been  two  earthquakes  in  this  town  within  these  ten  years, 
with  little  or  no  wind. 

IPhil.  Trans.  1671. 
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9.  Fiery  IVhirlizind  at  Uolkhantj  Norfolk. 
By  the  Ris^ht  Honorable  Thomas  Lord  Lovell,  F.R.S. 

Some  of  Lord  Lovi'lPs  ploughmen,   being  at  work,  aboat  the 
middle  of  August  1711,  on  a  fair  day,  at  ton  o'clock  ia  the  mom. 
ingy  saw  on  a  heath  about  a  quarter  of  a  mile  from  them^  a  nind 
like  a  whirlwind,  come  gradually  towards  them,  in  a  straight  line 
from  east  to  west.     It  passed  through  the  field  where  they  were  at 
plough,  tore  u{)  the  stubble  and  grass  in  the  ploughed  ground)  for 
two  miles  in  length,  and  thirty  )  ards  in  breadth.     When  it  came 
to  some  closes  at  the  top  of  a  rising  ground,  aome  men  there  saw 
it  appear  like  a  great  ilash  or  bail  of  lire.      To  some  others  it  ap- 
peared as  a  fire,  and  some  saw  only  a  smoke,  and  heard  such  a 
noise  as  fire  makes  when  a  barn  is  burning,  and  the  wind  making 
a  terrible  noise,   like  that  of  a  violent  fire,  or  like  carts  orer  a 
stoney  ground,  which  passed  by  a  house,  tearing  up  the  stones  in 
the  road  ;  it  tore  up  a  rank  of  pales,  sprung  several  of  the  posts 
out  of  their  places  and  carried  a  pewter  plate  that  stood  on  the 
outside  of  the  window  about  forty  yards  from  the  house;    also  a 
large  box.corer,  about  an   inch  and  a  half  thick  and  four  feet 
square  and  crossbarred,  was  carried  away  much  farther,  and  torn 
all  to  pieces ;  nnd  the  gravel  and  stones  flew  about  like  feathers. 
It  also  broke  down  some  fences,  and  frightened  the  cattle.     And, 
what  is  very  remarkable,  every  where  else  but  in  this  place,  the 
weather  was  clear  and  fine,  and  no  sign  of  any  storm  or  disturb* 
ance  whatever.     There  was  a  strong  smell  of  sulphur,  both  before 
and  after  the  wind  passed,  and  the  noise  was  heard  a  great  while 
after  seeing  the  smoke.      They  said  it  moved  so  slowly  forward, 
as  to  be  near  ten  miuutcs  in  coming  from  the  closes  to  the  hottse. 

IPhiL  Trans.  I74«. 

10.  Whirlwinds  of  Sand. 

It  not  unfrequently  happens  that  the  same  violence  of  wind  and 
exhibiting  a  similar  eddy,  takes  place  in  the  sandy  deserta  of 
Africa  and  Arabia,  and  has  occasionally  swallowed  up  in  its  tre. 
mendous  vortex  caravans  and  whole  armies. 

Mr.  Bruce  has  given  a  spirited  description  of  one  or  two  of 


y. 


£<i 


i 


\ 

! 

- 


■     •■ 


:%' 


WBT1LW11ID8  Of  »AK^  tS^ 

AftWy  of  wUch  h«  was  an  •jre  witncst,      <*  At  oim  o'clock,**  safi  . 
ke,    *^  we  alighted  among  some  acacia  trees  at  Waadi  el  Halbovk, 
kafiog  gone  tweaty.oce  milei.    We  were  here  at  ooce  surprised 
and  terrified  bj  a  sight,  surelj  one  of  the  most  magnificent  in  the 
world.    In  that  Tast  eipanse  of  desert,  from  W.  to  N.  W.  of  os, 
we  saw  a  number  of  prodigioas  pillars  of  sand  at  different  dis* 
tances,  at  times  moTing  with  great  celerity,  at  others  stalking  on 
with  a  majestic  slowness ;  at  intervals  we  thought  they  were  com. 
ing  in  a  very  few  minntes  to  overwhelm  us ;  and  small  quantities 
of  sand  Ad  actually  more  than  once  reach  us.    Again  they  would 
retreat  so  as  to  be  almost  out  of  sight,  their  tops  reaching  to  the  * 
feiy  cloods.    There  the  tops  often  separated  from  the  bodies,  and 
these,  once  di^oined,  dispersed  in  the  air,  and  did  not  appear 
BorOb    Sometimes  they  were  broken  in  the  middle,  as  if  struck  with 
krgf  caanon-shot.    About  noon  they  began  to  advance  with  con* 
lideraHe  swiftness  upon  ns,  the  wind  being  very  strong  at  north* 
Eleven  of  ttn&m  ranged  along  side  of  us  about  the  distance  of  threo 
idleap^    The  greatest  diameter  of  the  largest  appeared  to  me  at 
Aai  Astaoct  as  if  it  would  measure  ten  feet.     They  retired  from  na 
irilk  a  wind  at  SJB.  leaving  an  impression  upon  my  mind  to  which  I 
ens  gpta  no  name,  though  surely  one  ingredient  in  it  was  fear,  with 
a  considerable  deal  of  wonder  and  astonishment.     It  was  in  vain 
to  think  of  flying ;  the  swiftest  horse,  or  fastest  sailing  ship,  could 
be  of  no  use  to  carry  us  out  of  this  danger ;  and  the  full  persuasion 
of  thb  rivetted  me  as  if  to  the  spot  where  I  stood. 

^  The  same  appearance  of  moving  pillars  of  sand  presented 
themselves  to  ws  this  day  in  form  and  disposition  like  those  we  had 
4eeo  at  Waadi  Halboub,  only  they  seemed  to  be  more  in  number 
and  lata  in  she.  They  came  several  times  in  a  direction  close  upon 
iHj  tihit  is,  I  believe,  within  less  than  two  miles.  They  began 
Wpiicdiately  after  sun  rise  like  a  thick  wood,  and  almost  darkened 
the  son.  Hb  rays  shiping  through  them  for  near  an  hour,  gave 
Ihtm  an  appearance  of  pillars  of  fire.  Our  people  now  became 
deaperate,  the  Greeks  shrieked  wot  and  said  It  wai  the  day  of 
JlNlgmeiit;  Israael  pronounced  it  to  be  hell ;  and  the  Turcorories, 
that  the  world  was  on  fireo." 
Or.  Darwin  has  given  an  animated  and  correct  description  of 

^km^'mf''m^if»mm ■*  ■ 

•  Brace's  Ttefeltt  vel.  IV.  p«  6AI-555. 


V6  ON  THB  PB|t8TBA>  OE  WATB&-tPOI7T. 

Ihit  fetrful  phenouenoa  in  the  following  venet  of  his   BoUnii 

Garden. 

**  Now  o'er  their  bead  the  whiziing  whirtwindt  breathey 
And  the  IWe  desert  panti,  and  heaves  beneath  i 
Tiafed  by  the  crimson  sun,  vast  columns  rise 
Of  eddyinic  ^nds,  and  i?  .ir  amid  the  skies. 
In  red  arcades  the  billowy  plain  surround. 
And  siallLing  turrets  dance  upon  the  ground. 
— Long  ranks  in  vain  their  shining  bla(*cs  extend. 
To  Demon- Gods  their  knees  unballow'd  behd. 
Wheel  in  wide  circle,  form  in  hollow  square. 
And  now  they  front,  and  now  they  fly  the  war, 
Pierce  the  deaf  tempest  with  lamentli.g  cries. 
Press  their  parch'd  lips,  and  close  their  blood-shot  eyes. 
— Gnomes!  o'er  the  waste  tou  led  your  myriad  powers, 
Climb'd  on  the  whirls,  and  aim'd  the  flinty  showers  I— 
Onward  resistless  rolls  the  infuriate  surge, 
Clouds  follow  clouds,  and  mountains  mountains  urge, 
Wave  over  wave  the  driving  desert  swims. 
Bunts  o'er  their  beads,  inhumes  their  straggling  limbs; 
Man  mounts  on  man,  on  canels  cameb  rush. 
Hosts  march  o'er  hosts,  and 'nations  nations  crash,—- 
Wheeling  in  air  the  winged  islands  fall, 
And  one  great  earthy  Ocean  covers  all ! — 

EDrriMi. 


CHAP.  XLI. 

tUE  PRESTER,  OR  WATER-SPOUT< 


SECTION  I. 

General  Remarks, 

Many  of  the  preceding  meteors,  or  atmospherical  phoenomenny 
and  especially  those  described  under  the  name  of  hurricanes,  tor. 
nadoes,  and  whirlwinds,  are  connected,  as  we  have  occasionally, 
hinted  at  already,  with  the  electric  state  of  the  atmosphere.  We 
now  advance  to  a  meteor  that  is  still  more  decidedly  of  this  com* 
pound  character,  and  which  seems  to  bo  a  combioatioo  of  wind, 
aqueous  vapour,  and  electric  fluid. 
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The  existence  of  this  iloguUr  aodPmost  ■cti?e  phsDomevon  has 

Wn  long  known  (o  the  philosophical  world :  and  by  the  Greeks, 

ind  after  them  by  the  Romans,  was  described  under  (he  name  of 

PsESTERf   which  imporU  a  ficrjr  fluid  of  some  kind  or  other. 

Gtisendi,  indeed,  contended  that  the  Prester  of  the  ancients  was 

a  mere  tornado  or  whirlwind,  but  this  was  before  the  nature,  or 

eren  the  existence,  of  electricity,  as  a  definite  power,  had  been 

accurately  ascertained,  howe?er  suspected    formerly :   and   we 

bare   already    obser? ed  ^,    that   Mr.  Capper,    in  the   preceding 

chapter,  has  been  betrayed  by  so  learned  a  guide  into  the  same 

error^  and  has  regarded  the  Prester  as  a  whirlwind  or  tornado 

of  a  peculiar  species.     To  prore  this  error  nothing  more  is  nc« 

eemary  than  to  quote  the  description  of  the  Prester,  as  given  by 

Lucretius,  and  to  follow  up  the  quotation,  with  the  explanation 

of  bis  learned  translator :   by  which  it  will  abundantly  appear, 

that  the  Prester,  like  the  spout  of  the  present  day,  was  regarded  as 

both  a  sea  and  land  meteor,  or  in  other  words  as  filled  with  water, 

and  without  water  ;  the  term  being  more  properly  applied  to  the 

former,  and  the  latter  being  correctly  regarded  and  called  a  mimicy 

or  imitative  Prester,  in  reality  the  fiery  wirlwind  or  hurricane 

which  we  hare  already  noticed  in  one  or  two  of  the  articles  of  the 

last  section  of  the  preceding  chapter,    or  a  phasoomenon  most 

closely  allied  to  it« 

The  passage  we  advert  to  is  as  follows :  lib.  vi.  433« 

Quod  super  est,  facul  est  ex  hiis  cognoscere  rebus, 
U^TfOrTfpxs  Graiei  quos  ab  re  nominitarunt. 
In  mare  qua  missel  veuiant  ratione  supeme. — &c,  &c« 

Hence,  with  much  ease,  the  meteor  may  we  trace 
Termed,  from  its  essence,  Prester  by  the  Gbeekjs, 
That  oft  from  heaven  wide  hovers  o*er  the  deep. 
Like  a  vast  column,  gradual  from  the  skies, 
Prone  o'er  the  waves,  descends  it ;  the  vext  tide 
Boiling  amain  beneath  its  mighty  whirl, 
And  with  destruction  sure  the  stoutest  ship 
Threat'ning  that  dares  the  boist'rous  scene  approach. 
Thus  solve  th*  appearance ;  that  the  maniac  wind, 
In  cloud  tempestuous  pent,  when  unempovrer'd 
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To  burst  Ml  bondage,  oft  the  doud  ittelf 
Stretches  cylindric,  like  a  spiral  tube 
From  heafOB  forc*d  gradual  downwards  to  tiie  deep  ; 
As  though  some  viewless  band,  its  frame  transpierc'd. 
With  outspread  palm  had  thrust  it  from  above. 
This,  when,  at  length,  the  captir'd  tempest  rends, 
Forth  flows  it,  fiery,  o'er  the  main,  and  high 
Boils  from  its  base  th'  exaggerated  tide. 
For,  as  the  cone  descends,  from  every  point 
A  dread  tornado  lashes  it  without. 
In  gyr^  perpetual,  through  its  total  fall ; 
Till,  ocean  gain'd,  the  congregated  storm 
Gives  its  full  fury  to  th'  uplifted  waves, 
Tortur'd,  and  torn,  loud  howling  mkhC  the  fray. 
Oft,  too,  the  whirlwind  from  the  clouds  around 
Fritters  some  fragments,  and  itself  involves 
Deep  in  a  cloudy  pellicle,  and  close 
Mimics  the  prester,  length'ning  slow  from  heaven ; 
Till,  earth  attain 'd,  th'  involving  web  abrupt 
Bursts,  and  the  whirlwind  vomits  and  the  storm* 
Yet,  as  on  earth  the  mountain's  pointed  tops 
Break  oft  the  texture,  tubes  like  these,  at  land 
Far  rarer  form  than  o'er  the  marble  main. 

Goo»«  ' 

The  translator's  note  upon  this  passage,  in  exposition  of  his 
author^  is  as  follows,  and  we  give  it  as  affording  a  clear  explana* 
tion  of  the  nature  and  properties  of  this  most  singular  and  powerful 
meteor :  \ 

^<  Having  discilssed  the  phenomenon  of  thunder  and  lightning,  bo 
now  proceeds  to  cd^iider  those  of  the  water- spout,  and  the  hurri- 
cane :  and  it  is  trnl^Sfurious  to  observe  how  minutely  he  coocurf 
with  the  philosophy  6f  the  present  day,  in  regarding  them  at 
meteors  of  a  similar  natOfe  and  origin.  Prester^  indeed,  as  our 
poet  informs  us,  is  a  Greek  word  signifying  a  fiery  or  inflamnuu 
tory  intumescence ;  and  such^  he  asserts,  is  the  essence  of  which 
this  meteor  (the  waier-spout)  consists :  whence  it  is  obvious,  that 
the  term  venius^  or  wind^  appliinl  to  it  immediately  afterwards,  ia 
employed  genericaliy,  to  express  an  elastic  gas  or  ether,  for  wUch 
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Locretioi  foDod  no  definite  eipression  in  his  own  langnage,  rather 
thto  the  nature  of  wind  properly  so  called.  It  is  an  igneous  or 
fiery  aara,  not  indeed  in  the  open  act  of  combustion,  but  conu 
posed  of  the  finest  and  most  minute  particles  of  a  peculiar  species 
of  elementary  fire,  which,  In  a  more  concentrated  form,  would 
necessarily  become  luminous  and  burning. 

'^  Gassendi,  indeed,  contends,  that  the  Epicurean  prester  is  not 
ao  igneoiis  meteor,  but  a  mere  Tortex  of  elastic  air.  But  there 
cui  be  no  doubt  of  his  being  mistaken ;  for  Lucretius  not  only 
employs  a  term  to  which  fire,  in  some  modification  or  other,  either 
elementary  or  combined,  is  necessarily  attached,  but  refers  us,  in 
file  opening  of  the  discussion,  by  way  of  explanation,  to  the  con- 
ititnent  particles  of  lightning,  which,  he  expressly  declares,  con. 
ibt  of  the  f  ery  finest  M#tiost  attenuate  fiery  atoms. 

^^  Fiery,  too,  and  of  the  common  essence  of  lightning  b  this 
Biteor  asserted  to  be,  by  the  philosophy  of  the  present  day*  For 
itb  regarded  as  an  electrical  phenomenon ;  as,  indeed,  is  almost 
Sfery  atmospherical  meteor,  as  well  as  a  great  variety  that  are 
nbterraneous.  In  describing  the  powers  and  operation  of  the 
tlrander*clo|id,  in  note  on  t.  ^0  above,  I  hare  noticed  its  wonder* 
fal  faculty  of  attracting,  with  almost  instantaneous  speed,  the 
Jigliter  and  adscitttious  clouds  in  its  vicinity,  as  I  have  also  its 
tsbmission  to  the  still  more  strongly  attractive  power  of  that  part 
of  Hm  earth  which  lies  immediately  beneath  it,  in  a  state  of  nega- 
tive electricity,  evidenced  by  its  dipping  downwards  either  in  rag. 
fed  aad  multiform  fragments,  or,  where  the  film  of  the  cloud  is 
tenter^  In  more  regular  and  unbroken  protuberances.  Retaining 
then  these  simple  facts  in  our  recollection,  it  will  not  be  difficult 
to  account  for  the  pbaenomenon  of  the  prester,  or  water-spout, 
qwn  the  principles  of  the  electric  theory. 

*<  A  thuoder.cloud,  or  cloud  filled  with  electric  matter,  is  first 
noticed  to  appear  at  sea  in  a  sky  so  serene  as  to  be  totally  destitute 
of  adsdtitious  clouds,  and  in  an  atmosphere  so  dry,  as  to  be  pos« 
lest  of  very  little  and  impalpable  vapour.  Such  is  the  general  ap. 
peaiBBoe  of  the  horizon  on  the  commencement  of  the  water.spout* 
Ka  such  a  situation,  a  thunder-storm  canoot  be  the  result,  for  want 
of  the  confederate  assistance  of  additional  clouds  and  vapours :  but, 
from  the  circumstances  enumerated  above,  a  very  considerable 
portion  of  mutual  attraction  must  take  place  between  this  isolated 
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cload,  and  the  portion  of  the  sea  immediately  beneath  it, 
especially  if  the  sea  be  at  this  time  negatirely  electrified,  or 
tute  of  the  electric  power  of  which  the  cloud  has  a  Tast  si 
From  this  mutual  attraction,  the  water  directly  under  the 
will  become  protuberant  upwards,  rising  like  a  hill  towar 
cloud  aboTe,  which,  in  the  phaenomenon  we  are  now  deaci 
it  always  does,  and  the  cloud  aboTe  will  become  protn 
downwards,  elongating  itself  towards  the  elevated  portion  of 
beneath.  If,  in  this  action  of  straining,  the  texture  of  the 
be  very  slight,  it  will  burst  into  a  thousand  fragments,  m 
electric  matter  contained  within  it  will  be  quietly  dissipob 
attracted  to  the  ocean ;  but  if  it  be  stronger  and  more  rlao 
will  continue  to  stretch  without  bursting ;  and,  like  eierj 
elastic  substance,  the  more  it  stretches,  the  narrower  will 
projected  tube.  Such^  to  the  mariner,  is  the  actual  appesrs 
the  column  of  the  water.spout,  precisely  resembling  a  wpe 
trumpet,  with  its  base  or  broader  part  uppermost.  Wh 
mouth  of  this  projected  tube  touches  the  rising  hillock  of  wa 
the  attraction  of  the  negatiyely  electrified  ocean  be  superic 
electric  aura,  we  may  naturally  suppose,  will  be  drawn 
wards,  and  the  empty  cloud  be  totally  dissipated;  but,  i 
generally  occur  in  the  case  of  a  positive  force  applied  to  a  noj 
if  the  attraction  of  the  electric  cloud  prove  victorious,  it  wi 
tinue  to  suck  up  the  rising  hillock  of  water  till  it  is  altfl 
sated,  and  can  hold  no  more.  At  this  time  the  cloud  mutt 
sarily  burst  from  its  own  weight  and  distention,  and,  in  prop 
to  its  size,  and  the  deluge  of  water  and  electricity  it  dischaq;c 
be  the  mischief  produced.  It  is  said,  that  it  may  occasiow 
rent,  at  a  distance,  by  making  a  violent  noise,  on  board  ti 
in  which  it  is  perceived,  by  files,  saws,  or  other  discordi 
4  stmments ;  and,  certainly,  whatever  will  tend  to  agitate  ti 

^  in  any  considerable  degree,  affords  some  prospect  of  break! 

cloudy  film,  and  thus  dispersing  the  meteor :  but  the  mora 
nary  method  of  shooting  at  it  from  guns  of  a  large  calibre^  I 
much  stronger,  and,  indeed,  almost  certain  chance  of  sneoes 
no  mechanical  power  can  agitate  the  surrounding  atmosplu 
any  means  so  forcibly  as  the  report  of  a  large  cannon :  and  i 
loaded  with  ball,  it  will  give  a  double  prospect  of  dischargi 
sontents  of  this  tremendous  spectacle.'' 


ON  THS  PRE8TBR9  OR  WATBR-SPOUT.  26l 

Upon  that  part  of  the  description  which  relates  to  the  mimic 
prester,  Mr«  Good  obserres  as  follows :  ^^  Lucretius  here  alludes  to 
meteors  of  a  similar  description,  but  not  quite  so  tremendous  in 
tkeir  effect:  and  is  generally  supposed  to  refer  to  the  hurricane, 
Ofi  as  the  Greeks  termed  it,  tKysfia, ;  which  is  equally  an  electri. 
ol  pluBnomenon,  and  maj  be  regarded  as  a  prester  occurring  on 
isody  and  consequently  as  an  electric  cloud  filled  with  elastic  air 
mIJ)  or  other  vapours  received  from  the  atmosphere,  and  not 
eften  with  water.  It  is  produced  in  the  same  manner  as  the  sca- 
prester,  haa  the  same  kind  of  elongated  tube  reaching  towards  the 
Mgativrly  electrified  portion  of  the  earth  by  which  it  is  attracted, 
md  ii  accompanied,  previons  to  its  bursting,  by  a  similar  tornado 
of  external  air.  This  elongated  tube,  as  well  as  the  substance  of 
ike  doad  itself,  in  the  time  of  Shakspeare,  was  supposed  to  hare 
Kti  fdm  or  fibres  condensed  and  rendered  firmer  by  the  operation  of 
the  rays  of  the  sun ;  but  there  is  no  necessity  for  such  an  idea : 

the  dreadful  spout 


Which  shipmen  do  the  hurricano  call, 
Constring'd  in  mass  by  the  almighty  sun* 

Tboilus  and  Cressida. 

^^  We  may  account  for  the  phenomenon  in  this  manner  :  that  the 
thirsty  cloud,  in  consequence  of  a  more  cleTatcd  position  than 
ordinary  in  the  atmosphere,  at  the  time  it  commences  its  attraction 
with  the  water  below,  satiates  and  distends  itself,  by  means  of  its 
proboscis,  with  absorbed  air  alone,  prior  to  the  actual  contact  of 
soch  proboscis  with  the  hillock  of  rising  water ;  so  that,  by  the 
time  this  elongating  spout  extends  to  the  attracted  hillock,  it  is 
totally  incapable  of  containing  any  thing  farther.^' 

Carallo  thinks  electricity  rather  a  consequence  than  a  cause  of 
water*ipouts ;  and  Notices  that  they  sometimes  vanbh  and  reappear. 

Franklin,  in  his  work  on  electricity,  conceives  a  vacuum  is  made 
by  the  rotatory  motion  of  the  ascending  air,  as  when  water  is  run. 
■ing  through  a  tunnel,  and  that  the  water  of  the  sea  is  thus  raised. 
But  it  is  justly  observed  by  Dr.  Young,  that  no  such  cause  as  this 
could  do  more  than  produce  a  slight  rarefaction  of  the  air,  much  less 
nise  th/D  water  to  above  thirty  or  forty  feet.     At  the  same  time  the 

«  Vol.  ill.  p.  806. 
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force  of  the  wind  thas  exciied  mi^ht  carry  ap  mncb  w&ter  hi  dc- 
lAcbed  drop!!,  u  it  is  really  obtierTed  to  exist  in  water-apouls.  Dr. 
Young  remurlis,  rooreoxer,  in  aoolher  pastage,  that  the  phenomeiia 
of  water-spuuts,  if  not  of  electrical  origin,  appear  to  have  SMM^ 
connexion  with  eiectrical  causes.  A  water-tpoat  generally  c 
of  large  drops,  like  a  dense  rain,  mach  agitated,  and  descending 
ascending  with  a  spiral  molioD,  at  the  same  time  that  the  wbole: 
is  carried  along  horizon  tally,  accompaDied  in  general  by  a  sooBdlU 
(hat  of  thedsihtngof  wares.  Spouts  are  loinetiineh,  althoagfa  ri 
ohserred  on  shore,  bat  generally  in  the  neighbourhood  of  wat^t 
They  are  commonly  largest  aboTe  ;  sometimes  tno  con«s  project^ 
the  one  from  a  cloud,  the  other  from  the  sea  below  it,  to  meet  each 
other,  the  junction  being  accompanied  by  a  flash  oriighlning:  and 
when  the  whole  ipout  has  exhibited  a  luminons  appearance,  it  tui 
perhaps  served  to  conduct  electricity  slowly  from  the  clouds  Id  the 
earth.  Some  of  these  circumstances  may  be  explained  by  cstut- 
dering  the  Fpoiitas  a  whirlwind,  carrying  updrop^  of  water,  wluch 
it  has  separated  from  the  surface  of  the  waves ;  and  the  rematiulcr 
may  perhaps  be  deduced  from  the  co-operation  of  elcctiJtiU 
ready  existing  in  a  neighbouring  cloud, 

SECTION     II. 

Genuine  Preslers  or  IVaier-spouli. 

1.  Observed  in  the  Mediterranran. 
By  Alexander  Snairl, 

August  27, 1701,  being  on  the  coast  of  Barbary,  to  the  north. 
vard  of  the  town  of  Bona,  upwards  often  leagues  distance  at  sea, 
about  seven  o'cIocL  at  night,  soon  after  sunset,  there  appeared  in 
the  N.G.  which  was  directly  up  the  gulf  of  Lycns  from  us,  gr«it 
and  continued  flashes  of  lightning,  one  after  another,  witli  hardly 
any  intermission,  and  this,  without  thunder,  il  continued  till  the 
next  morning;  the  flashes  of  lightning  sometimes  rfpresfnting  the 
sudden  appt-arance  of  a  star,  and  at  other  times  of  a  flaming  swoid, 
and  again  of  a  silver  cord  stretched  along  the  clouds,  or  as  the  irre- 
gular tents  of  a  phial  from  top  to  bottom.    AboBtcight  oextnioni. 
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ing  we  had  thundering,  with  a  continuation  of  lightning  of  the  kind 
and  appearance  as  before,  all  from  the  N*E.  or  nearly  so. 

About  nine  the  same  morning,  there  fell  down  from  the  clouds, 
irhicb  looked  black,  lowering,  and  as  It  were  heary  with  rain,  Ib 
fh^  S.E.  three  water.spouts  ;  that  in  the  middle,  being  the  greatest^ 
leemed  as  large  ns  the  mast  of  a  ship,  and  I  judged  it  to  be  at  least 
•  leagae  and  a  half  distant  from  us  ;  so  that  in  itself  it  was  doubt* 
less  larger  than  three  masts.    The  other  two  were  not  half  the  size. 
All  of  them  were  black,  like  the  cloud  from  whence  they  fell;  and 
smooth,  without  any  knot  or  irregularity ;  only  at  first  falling, 
some  fell'perpendicularly  3own,  and  some  obliquely,  and  all  of  them 
smaller  at  the  lower  end  than  aboTe,  representing  a  sword ;  some- 
times also  one  of  them  would  bend,  and  become  straight  again,  and 
also  sometimes  became  smaller,  and  again  increase  its  bulk  ;  some* 
fimes  it  would  disappear,  and  immediately  fall  down  again ;  at 
other  times  it  became  extenuated  to  the  smallness  of  a  rope,  and 
again  became  gross  as  before, 

ITiere  was  always  a  great  boiling  and  flying  up  of  the  sea,  as  in 
a  jet  d*eau,  or  water,  work ;  or  this  rising  of  the  water  had  the  ap- 
pearance of  a  chimney  smoking  in  a  calm  day*  Some  yards  abo?e 
the  surface  of  the  sea,  the  water  stood  like  a  pillar,  and  then  spread 
itself,  and  was  dissipated  like  smoke :  and  the  sword.like  spout 
from  the  clouds  either  came  down  to  the  very  middle  of  this  pillar, 
as  if  it  had  been  joined  with  it,  as  the  largest  pillar,  which  fell  per* 
pendicularly  down,  always  did  from  the  beginning  to  the  end ;  or 
else  it  pointed  to  this  column  of  water,  at  some  distance,  either  in  a 
perpendicular  or  oblique  line,  as  did  the  two  other  lesser  ones. 
There  were  three  or  four  spouts  more,  which  appeared  at  the  same 
time  in  the  same  quarter  of  the  hearens ;  but  not  like  the  three 
former,  either  for  bulk  or  duration  :  these  last  appeared  and  disap* 
peared  seferal  times,  during  the  continuance  of  these  three  afore* 
nid. 

It  was  hardly  distinguishable  whether  the  sword-Iike  spout  fell 
ftrst  down  from  the  cloud,  or  the  pillar  of  water  rose  first  from  tho 
sea;  both  appearing  opposite  to  each  other  all  of  a  sudden :  only  I 
observed  of  one  of  them,  that  the  water  boiled  up  from  the  sea  to  a 
great  height,  without  the  last  appearance  of  a  spout  pointing  to  it, 
either  perpendicularly  or  obliquely ;  and  here  the  water  of  the 
jea  nevtr  came  together  in  the  form  of  a  pillar,  but  rose  up  scat. 
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teredly,  the  sea  boiling  furiously  round  the  place.  The  wind  being 
then  N.£.  the  said  boiling  advanced  towards  the  S.W,  as  a  flitting 
or  moving  hush  on  the  surface  of  the  sea,  and  at  last  ceased.  This 
shows  that  the  boiling  or  flying  up  of  the  water  of  the  sea  may  be- 
gin before  the  spout  from  the  cloud  appears  :  and  indeed,  if  there- 
be  any  small  matter  of  priority  between  these  two  appearances,  the 
boiling  or  throwing  up  of  the  sea.water  has  it ;  which  first  begins 
to  boil,  and  then  forms  itself  into  a  pillar  of  water,  especially  on 
the  lower  part. 

It  was  observable  of  all  of  them,  but  chiefly  of  the  large  pillar} 
that  towards  the  end  it  began  to  appear  like  a  hollow  canal^  only 
black  in  the  borders,  but  white  in  the  middle ;  and  though  at  first 
it  was  altogether  black  and  opaque,  yet  one  could  very  distinctly 
perceive  the  sea* water  to  fly  up  along  the  middle  of  this  canal,  as 
smoke  docs  up  a  chimney,  and  that  with  great  swiftness,  and  a  veiy 
perceptible  motion :  and  then  soon  after,  the  spout  or  canal  burst 
in  the  middle,  and  disappeared  by  little  and  little ;  the  boiling  «p 
and  the  pillar.like  form  of  the  sea. water  continuing  always  the  last, 
even  for  some  considerable  time  after  the  spout  disappeared,  and 
perhaps  till  the  spout  appeared  again,  or  reformed  itself,  which  it 
commonly  did  in  the  same  place  as  before,  breaking  and  forming 
itself  again  several  times  in  a  quarter  or  half  an  hour. 

I  know  not  if  any  one  has  accounted  for  this  phaenomenon  ;  but 
I  imagine  it  may  be  solved  by  suction,  or  rather  pulsion,  as  in  the 
application  of  a  cupping-glass  to  the  flesh,  after  the  air  is  first  ex. 
hausted  by  the  kindled  flax. 

It  was  further  observable,  that  the  oblique  spouts  pointed  always 
from  the  wind  ;  that  is,  that  the  wind  being  at  N.E.  the  oblique 
spouts  alwa}s  poiiiiod  to  the  S.W.  ;  though  at  the  same  time  there 
were  others  perpendicular,  which  still  continued  so,  notwithstand* 
ing  the  wind.  Also  that  such  as  were  curved,  had  always  the  con* 
vex  side  from  the  wind,  and  the  concave  towards  it ;  that  is,  the  wind 
being  at  N.E.  the  concave  was  towards  the  N.E.  and  the  convex 
to^iards  the  S.W.  It  rained  a  great  deal  during  the  continuance 
of  these  spouts ;  and  after  their  total  disappearance,  there  was  half 
an  hour's  violent  storm  from  the  N.E.  with  very  little  rain ;  but 
afterwards  the  weather  cleared  up. 

IPhil.  Trans.  1702. 
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3.  Fail  of  Water  from  a  Spout  on  the  Moon  on  Lancashire, 

By  Dr.  Rich.  Richardson. 

This  remarkable  spout  fell  on  Emott.moor,  near  Coin,  in  Lan. 
auhire,  June  3,  1718,  about  ten  in  the  iDornint^.  Several  persons 
who  were  digging  peat  near  the  place  where  this  accident  happened, 
M  a  sudden  were  so  terrified  with  an  unusual  noise  in  the  air,  that 
tbejr  left  their  wj^rk  and  ran  home,  which  was  al>out  a  mile  from 
w  place  :  but  to  their  great  surprise  they  were  intercepted  by  wa- 
te^ ;  for  a  small  brook  in  the  way  was  risen  above  six  feet  perpen. 
Aeilar  in  a  few  minutes  time,  and  had  overflown  the  bridge.  There 
vu  no  rain  at  that  time  on  £mott.moor,  only  a  mist,  which  is  very 
frequent  on  those  high  mountains  in  summer.  There  was  a  great 
dttkness  in  the  place  where  the  water  fell,  without  either  thunder 
or  lightning.  The  meadows  at  Wicolae  were  so  much  flooded, 
that  the  like  had  not  been  seen  in  several  years  before,  though  it 
was  there  a  very  bright  day. 

I  went  to  view  the  place  where  the  water  fell ;  though  I  believed 
ihb  inundation  might  proceed  from  an  eruption  of  water  out  of  the 
tide  of  the  mountain ;  such  being  not  unfrequent,  where  lead  or 
coal  have  been  dug,  but  neither  have  ever  been  sought  for  here. 
On  approaching  the  place,  I  was  struck  with  unspeakable  horror, 
the  ground  was  torn  up  to  the  very  rock,  where  the  water  fell, 
which  was  above  seven  feet  deep,  and  deep  gulph  made  for  above 
half  a  mile,  and  vast  heaps  of  earth  cast  up  on  each  side  of  it,  some 
pieces  remaining  yet  above  twenty  feet  over,  and  six  or  seven  feet 
thick.  About  ten  acres  of  ground  were  destroyed  by  this  flood. 
The  first  breach,  where  the  water  fell,  is  about  sixty  feet  over, 
md  no  appearance  of  any  eruption,  the  ground  being  firm  about 
it|  and  no  cavity  appearing.  The  ground  on  each  side  the  gulph 
was  so  shaken,  that  large  chasms  appeared  at  above  thirty  feet  dis- 
tance, which  a  few  days  after  1  observed  the  shepherds  were  filling 
vp,lest  their  sheep  should  fall  into  them. 

IPhil.  Trans.  1719. 
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3.  Water-tpout  near  the  Ltpari  hlandi. 

In  a  Irller  from  William  Rick'tu,  Eiq.  CapimJo  In  ihe  Ro>al  Navj,  ta^ 
High!  Hon.  SirlNeph  Bulli,  BvLAc.Ac. 

In  the  month  of  July,  1800,  Captaia  Rickvtls   wu  i 
called  ou  dock,  an  account  of  the  nptd  approAcb  of  a  wat 
uuong  the  Lipari  Iklanda  ;   it  had  the  appearanca  of  a  *iictd  fl 
tapering  ia  iU  descent,  proceeding  from  thr  clo|id  u>  joi 
it  moTed  at  the  rate  of  about  two  milei  an  hour,  with  a  load  aofl^ 
of  rain  ;   it  paiicd  the  stern  of  the  ship,  and  vettt-d  ih 
of  the  ntainHll;  hence  CaptainRickelts  concluded  that  tn 
were  not  continuous  columns  of  water ;  and  autnequent  uhiei4 
tioni  confirnied  the  opintun. 

In  NoTamber,  1801,  about  twenty  milea  front  Trieste,  a  vat 
■pout  wai  seen  eight  miles  to  the  lauthward  ;   roaiiil  its  luweTiij 
fremitf  WBI  ■  mist,  about  twelve  f>'et  high,  nearly  uf  thr  farm  JtM 
Ionian  capital,  with  rery  larfte  volutei,  the  ipont  rvnllng  obliqM 
on  its  crown.     At  some  distance  from  thiiipont,  the  sea  bfganfl 
iMa^tated,  and  a  mist  rose  to  the  height  of  about  four  feet:.  U 
a  projection  descended  from  the  blavk  doad  wbiefa  was  i( 
and  met  the  aicmding  mist  about  twenty  tiset  above  the  t 
last  ten  yards  of  (he  distance  were  described  witll  a  very  gf«at  1 
pidi^.     A  clond  of  a  light  colour  appeared  to  Biceod  in  this  Ij 
like  qnickulrer  in  a  glass  tube.     The  first  spont  then  snapped 
about  one-third  of  it  height,   the  inferior  part  sabsiding  gradoi 
and  the  superior  curling  upward*. 

Sereral  other  projections  from  the  cloud  appeared,  with  < 
Dponding  agitations  of  the  water  below,  bntnot  always 
vertically  under  them  :  seven  spouts  in  all  were  formed  ;  (wo  0 
projections  were  reabsorbed.     Some  of  the  spouts  were  notad 
obliqne  bnt  curved:   the  ascending  cloud  moved  most  rapidly  I 
tiiose  which  were  vertical ;  they  lasted  from  three  to  fire  n 
and  their  dissipation  wai  attended  by  no  fall  of  rain.     For  ■ 
days  before,  the  weather  had  been  very  rainy  with  a  sooth  eaale 
wind  ;  bat  do  rain  liad  fallen  on  the  day  of  obsenatlon. 

[Journal  nf  Rogai  InstituHom.  ^ 
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SECTION  111. 

Mmic^  or  Fal$e  Pre$ter$y  or  Spout  $  with  little  or  no  Water. 

m 

1.  Spout  observed  at  Hatfield^  in  Tor k shire. 

Bj^  the  Rev.  Abraham  De  la  Pryme,  F.R.S. 

Om  the  I5tb  of  August,  1617,  about  two  o'clock  in  the  after. 
*oon,  there  appeared  a  water.spout  in  the  air,  at  Hatfield,  in 
Yorkshire,  It  was  about  a  xnile  off,  coming  directly  to  the  place 
vkre  I  was;  upon  which  I  took  my  perspective  glasses,  and 
the  best  obsenrations  on  it  I  could. 
The  season  was  very  dry,  the  weather  extremely  hot,  the  air 
cfondy,  and  the  wind  pretty  strong,  and  what  was  remarkable, 
^Bowing  out  of  several  quarters  at  the  same  time,  and  filling  the  ur 
thick  and  black  c1oud8,in  la}ers;  this  blowing  of  the  wind  soon 
a  great  vortex,  gyration,  and  whirling  among  the  clouds^ 
centre  of  which  now  and  then  dropt  down  in  the  shape  of  a 
long  black  tube,  commonly  called  a  spout ;  in  which  I  conld 
inctly  see  a  motion,  like  that  of  a  screw,  continually  drawing 
■vards,  and  screwing  up  as  it  were  whatever  it  touched*  In 
progress  it  moved  slowly  over  a  hedge.ro w  and  grove  of  young 
,  which  it  made  bend  like  hasel-wands,  in  a  circular  mo. 
1 ;  then  advancing  forward  to  a  large  barn,  in  a  moment  it 
eked  off  all  the  thatch,  and  filled  the  whole  air  with  it.  Com. 
to  a  very  large  oak  tree,  it  made  it  bend  like  the  former,  and 
B's-oke  off  one  of  its  strongest  branches,  and  twisting  it  about, 
«>*iftnig  it  to  a  very  considerable  distance  off.  Then  coming  near  the 
e  where  I  stood,  within  three  hundred  yards  of  me,  I  beheld 
i>th  great  satisfaction  this  extraordinary  phaenomenon,  and  found 
it  proceeded  from  a  gyration  of  the  clouds,  by  contrary  winds 
eeting  in  a  point  or  centre ;  and  where  the  greatest  condensation 
^iid  gravitation  was,  falling  down  into  a  large  pipe  or  tube,  somesi 
"^bat  like  the  cochlea  Archimedis;  and  which,  in  its  working  or 
whirling  motion,  either  sucks  up  water,  or  destroys  ships,  &c. 
Baving  proceeded  about  a  quarter  of  a  mile  farther,  it  was  dis- 
lolved  by  the  prevalency  of  the  wind  from  the  east. 

IPhil.  Trans,  im. 
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2.  A  teeond  Spout  obierved  at  the  same  Placcm 

By  the  same  Writer. 

Tub  weather  in  this  part  of  the  couDtiy  has  been  ezceedingljr 
wet  and  cool,  so  that  it  seemed  to  be  spring  rather  than  niidfaB. 
iner,  yet  June  21,  1702,  was  pretty  warm,  on  the  afternoon  of 
which  day,  about  two  o^ctock,  no  wind  stirring  below,  thoagh  it 
was  somewhat  great  in  the  air,  the  clouds  began  to  be  much  agi- 
tated and  driven  together ;  on  which  they  became  Teiy  black,  and 
were  very  Tisibly  hurried  round,  from  whence  there  proceeded  a 
most  andible  whirling  noise,  like  that  commonly  heard  in  a  milL 
After  a  while  a  long  tube  or  spout  came  down  from  the  centre  of 
the  congregated  clouds,  in  which  was  a  swift  spiral  motion  like 
that  of  a  screw,  or  the  cochlea  Archimedis  when  it  is  in  motioK| 
by  which  spiral  nature  and  swift  turning,  water  ascends  up  into 
the  one,  as  well  as  into  the  other*  It  proceeded  slowly  from  well 
to  north  east,  broke  down  a  great  oak.trea  or  two,  frightened  the 
weeders  out  of  the  field,  and  made  others  lie  down  flat  on  tiidi 
bellies,  to  aroid  being  whirled  about  and  killed,  as  they  saw  kid 
happened  to  several  jackdaws,  which  were  suddenly  snatched  am 
carried  out  [of  si^ht,  and  then  thrown  a  great  way  off  among  tlM 
corn  ;  at  length  it  passed  over  the  town  at  Hatfield,  to  the  great 
terror  of  the  inhabitants,  filling  the  whole  air  with  the  thatch  i( 
took  off  from  some  of  the  houses  ;  then  touching  on  a  corner  ol 
the  church,  it  tore  up  several  sheets  of  lead,  and  rolled  them  to. 
gether  in  a  strange  manner  ;  soon  after  which,  it  dissolved  and 
▼anished,  without  doing  any  further  mischief* 

There  was  nothing  more  extraordinary  in  this,  than  in  the  othei 
that  I  gave  an  account  of  in  the  preceding  page ;  and  by  all  theob* 
servations  that  I  could  could  make  of  both,  I  found  that  had  tkq 
been  at  sea,  and  joiued  to  its  surface,  they  would  have  carried  i 
Tast  quantity  of  water  up  into  the  clouds,  and  the  tubes  wonlc 
then  have  become  much  more  strong  and  opaque  than  they  wers^ 
and  have  continued  much  longer. 

It  is  commonly  said  that  at  sea,  the  water  collects  and  babblsi 
up  a  foot  or  two  high  under  these  spouts,  before  they  are  joined  : 
but  this  is  a  mistake,  owing  to  the  pellucidity  and  fineness  of  thosi 
tubes,  whieh  certainly  touch  the  surface  of  the  sea  before  anj 
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contiderable  motioa  can  be  produced  in  it,  and  that  when  the  pipe 

begins  to  fill  with  water,  it  then  becomes  opaque  and  fisible.    As 

for  the  reason  of  their  dissoWing  of  themselres,  after  they  hare 

drawn  up  a  great  quantity  of  water,  I  suppose  it  is  by  and  through 

tW  gnat  qiuuitUy  of  the  water  they  ha?e  carried  up,  which  inust 

needs  thicken  the  clouds,  impede  their  motion,  and  by  that  means 

.      dissolfe  the  tubes. 

I  [id.  1703. 

S.  Spout  raised  off  the  Land  in  Beeping.Fen^  Lincoimhire* 

By  the  ReT.  Beojamin  Ray. 

'  Mat  the  5th,  1759,  a  phaenomenon  appeared  about  seren  in 
the  erening,  in  Deeping-Fen,  which,  from  its  effects,  seemed  to 
be  a  water«tpottt,  broken  from  the  clouds.  A  watery  substance,  as 
iC'ieemed,  was  seen  moving  on  the  surface  of  the  earth  and  .wa. 
tar,  ia  Deeping.Fen.  It  passed  along  with  such  yiolence  and 
rapidity,  that  it  carried  erery  thing  before  it :  such  as  grass, 
atimw,  and  stubble ;  and  in  going  orer  the  country  bank,  it  raised 
tfie  dnst  to  a  great  height ;  and  when  it  arrived  in  the  wash,  in  the 
ttidttof  the  water,  and  just  over  against  where  Mr.  R,  lired,  it 
stood  still  for  some  minutes.  This  watery  substance  spouted  out 
water  from  its  own  surface,  to  a  considerable  height,  and  with  a 
terrible  noise. 

On  its  second  route,  it  proceeded  in  a  side  line  into  the  river, 
breaking  in  its  passage  a  fishing.net,  and  there  moved  along,  till 
It  came  to  the  church,  where  it  again  stood  a  little  while,  and 
then  made  its  next  passage  through  the  space  between  the  church 
and  the  parsonage.house,  towards  Weston  hills  and  Monlton 
chapel.  In  its  way  to  these  places,  it  tore  up  a  field  of  turnips, 
broke  a  gate  off  the  hinges,  and  another  into  pieces.  Those  who 
saw  it  evaporate,  affirm  it  ascended  into  the  clouds  in  a  long  spear* 
hig  Tapour,  and  at  last  ended  in  a  fiery  stream*  There  was  a 
adit,  like  smoke,  frequently  round  it.  Three  more  were  seen  at 
tlie  same  time  in  different  places. 

[W.  175U 
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raising  a  smoke  from  dry  resin  dropped  into  a  hot  tet-spoon  nnd 
the  electrised  body,  which  will  be  attracted  and  spread  itself  equal 
on  all  sideSy  corering  and  concealing^e  body.  And  this  form 
takes,  because  it  is  attracted  by  all  parts  of  the  surface  of  the  bod 
though  it  cannot  enter  the  substance  already  replete*  Witho 
this  attraction  it  would  not  remain  round  the  body,  but  be  diss 
pated  in  the  air.  The  atmosphere  of  electrical  particles  surrouni 
ing  an  electrified  sphere  is  not  more  disposed  to  leare  it,  or  mo 
easily  drawn  off  from  any  one  part  of  the  sphere  than  from  anothc 
because  it  is  equally  attracted  by  erery  part.  But  that  is  not  tl 
case  with  bodies  of  any  other  figure.  From  a  cube  it  is  more  easi 
drawn  at  the  corners  than  at  the  plane  sides,  and  so  from  the  angi 
of  a  body  of  any  other  form,  and  still  most  easily  from  the  mii| 
that  is  most  acute  ;  and  for  this  reason  points  have  a  property 
drawing  on,  as  well  as  throwing  off  the  electrical  fluid,  at  great 
distances  than  blunt  bodies  can. 

From  rarious  experiments  recftcd  in  our  author's  treatise,  ti 
preceding  observations  are  deduced.  And  the  following  are  m  fc 
of  the  other  roost  singular  ones.  The  effects  of  lightning,  ai 
those  of  electricity,  appear  yery  similar.  Lightning  has  often  hm 
known  to  strike  people  blind.  A  pigeon,  struck  dead  to  mppee 
ance  by  the  electrical  shock,  recovering  life,  drooped  several  dmy 
ate  nothing,  though  crumbs  were  thrown  to  it,  but  declined  ai 
died.  Mr.  F.  did  not  think  of  its  being  deprived  of  sight ;  b 
afterwards  a  pullet,  struck  dead  in  like  manner,  being  recoren 
by  repeatedly  blowing  into  its  lungs,  when  set  down  on  the  lloo 
ran  headlong  against  the  wall,  and  on  examination  appeared  pe 
fectly  blind  ;  hence  he  concluded  that  the  pigeon  also  had  be< 
absolutely  blinded  by  the  shock.  From  this  observation  weshovl 
be  extremely  cautious,  how  in  electrizing  we  draw  the  stroke 
especially  in  making  the  experiment  of  I^yden,  from  the  eyes,  i 
even  from  the  parts  near  them. 

Some  time  since  it  was  imagined^  that  deafness  had  been  relievi 
by  electrizing  the  patient,  by  drawing  the  snaps  from  the  ears,  ai 
by  making  him  undergo  the  electrical  commotion  in  the  same  mat 
ner.  If  hereafter  this  remedy  should  be  fantastically  applied  tD  tl 
eyes  in  this  manner  to  restore  dimness  of  sight,  it  will  be  wtXt 
perfect  blindness  be  not  the  consequence  of  the  experiment* 

By  a  yery  ingenious  experiment  our  author  endeayours  to  eflnc 
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tk  impoMibilitj  of  success,  in  the  eiperiments  proposed  bj  others 
ofdrmwing  forth  the  efflu?ia  of  non-electrics,  cinnamon,  for  in- 
tUnce,  and  bj  mixing  them  with  the  electrical  fluid,  to  convey 
them  with  that  into  a  person  electrified  ;  and  our  author  thinks, 
tiiat,  though  the  ei&u?ia  of  cinnamon  and  the  electrical  fluid  should 
nix  within  the  globe,  they  would  never  come  out  together  through 
the  pores  of  the  glass,  and  thus  be  conveyed  to  the  prime  conduc* 
tor;  for  he  thinks,  that  the  electrical  fluid  itself  cannot  come 
through,  and  that  the  prime  conductor  is  always  supplied  from  the 
cushion,  and  this  last  from  the  floor.  Besides,  when  the  globe  is 
filled  with  cinnamon,  or  other  non-electrics,  no  electricity  can  be 
obtained  from  its  outer  surface,  for  the  reasons  before  laid  down* 
fle  has  iried  anotlier  way,  which  he  thought  more  likely  to  obtain 
a  mixture  of  the  electrical  and  other  effluvia  together,  if  such  a 
mixture  had  been  possible*  He  placed  a  glass  plate  under  his 
cushion,  to  cut  ofi*  the  communication  between  the  cushion  and  the 
floor  ;  he  then  brought  a  small  chain  from  the  cushion  into  a  glass 
of  oil  of  turpentine,  and. carried  another  chain  from  the  oil  of  tur* 
pentioe  to  the  floor,  taking  care  that  the  chain  from  the  cushion  to 
the  glass  touched  no  part  of  the  frame  of  the  machine.  Another 
chain  was  fixed  to  the  prime  conductor,  and  held  in  the  hand  of  a 
person  to  be  electrified.  The  ends  of  the  two  chains  in  the  glass 
were  near  an  inch  from  each  other,  the  oil  of  turpentine  between* 
Now  the  globe  being  turned  could  draw  no  fire  from  the  floor 
throng  the  machine,  the  communication  that  way  being  cut  off* 
by  the  thick  glass  plate  under  the  cushion  :  it  must  then  draw  it 
through  the  chains,  whose  ends  were  dipped  in  the  oil  of  turpen* 
tme*  And  as  the  oil  of  turpentine,  being  in  some  degree  an  electric 
per  se,  would  not  conduct  what  came  up  from  the  floor,  the  electri. 
city  was  obliged  to  jump  from  the  end  of  one  chain  to  the  end  of 
the  other,  which  he  coukl  see  in  large  sparks  ;  and  thus  it  had  a 
fair  opportunity  of  seizing  of  the  finest  particles  of  the  oil  in  its 
passage,  and  carrying  them  ofi*  with  it ;  but  no  such  effect  fol. 
lowed,  nor  could  he  perceive  the  least  difference  in  the  smell  of  the 
electrical  effluvia  thus  collected,  from  what  it  had  whf^n  collected 
otlierwise ;  nor  does  it  otherwise  aflfect  the  body  of  the  person  elec- 
trified. He  likewise  put  into  a  phial,  instead  of  water,  a  strong 
purging  liquid,  and  then  charged  the  phial,  and  took  repeated 
shocks  from  it;  in  which  case  every  particle  of  the  electrical  fluid 
▼oj:..  IV.  T 
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must,  before  it  went  through  hh  bodj,  hare  first  gome  through  th^ 
liqaid,  when  the  phial  la  charging,  and  returned  through  it  when 
discharging  ;  yet  no  other  effect  followed  than  if  the  phial  had  been 
charged  with  water.  He  had  also  smelt  the  electrical  fire,  when 
drawn  through  gold,  silver,  copper,  lead,  iron,  wood,  and  the  hu- 
man body,  and  could  perceive  no  difference;  the  odour  being 
always  the  same,  where  the  spark  does  not  burn  what  it  strikes  ; 
and  therefore  he  imagines,  that  it  does  not  take  that  smell  from  any 
quality  of  the  bodies  it  passes  through. 

Mr.  Franklin,  in  a  letter  to  Mr.  Collinson  some  time  since,  men. 
ttoned  his  intending  to  try  the  power  of  a  very  strong  electrical 
shock  on  a  turkey*  He  accordingly  has  been  so  obliging  as  to 
send  an  account  of  ic,  which  is  to  the  following  purpose.  He  made 
first  several  experiments  on  fowls,  and  found,  thut  two  large  thin 
glass  jars  gilt,  holding  each  about  six  gallons,  were  sufficient,  when 
fully  charged,  to  kill  common  hens  outright;  but  the  turkeys, 
though  thrown  into  violent  convulsions,  and  then  lying  as  dead  for 
some  minutes,  would  recover  in  less  than  a  quarter  of  an  hour. 
However,  having  added  three  other  such  to  the  former  two,  though 
not  fully  charged,  he  killed  a  turkey  of  about  10  lb.  weight,  and 
believes  that  they  would  have  killed  a  much  larger.  He  conceited, 
that  the  birds  killed  in  this  manner  eat  uncommonly  tender. 

In  making  these  experiments,  he  found  that  a  man  could,  with- 
out great  detriment,  bear  a  much  greater  shock  than  he  imagined ; 
for  he  inadvertently  received  the  stroke  of  two  of  these  jars  through 
his  arms  and  body,  when  they  were  very  near  fully  charged*  It 
«eemed  to  him  an  universal  blow  throughout  the  body  from  head  to 
foot,  and  was  followed  by  a  violent  quick  trembling  in  the  trunk, 
which  went  gradually  off  in  a  few  seconds.  It  was  some  minutes 
before  he  could  recollect  his  thoughts,  so  as  to  know  what  was  tha 
matter ;  for  he  did  not  see  the  flash,  though  his  eye  was  on  the  spot 
of  the  prime  conductor,  from  whence  it  struck  the  back  of  his  hand ; 
nor  did  he  hear  the  crack,  though  the  bystanders  said,  it  was  a  lond 
one ;  nor  did  he  particularly  feel  the  stroke  on  his  hand,  though 
he  afterwards  found  that  it  had  raised  a  swelling  there  the  sise  of  a 
swau.shot  or  pistol-bullet.  His  arms  and  the  back  of  his  neck  felt 
somewhat  numbed  the  remainder  of  the  evening,  and  his  breast  was 
tore  for  a  week  after,  as  if  it  had  been  bruised.  From  thb  ezpe* 
fi^ent  may  be  seen  the  danger,  even  under  the  greatest  caution,  to 
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tbe  operator,  when  oialdog  these  eiperimentt  with  Urge  jars  ;  for 
it  is  not  to  be  doubted,  bat  that  several  of  these  folly  charged  would 
as  certainly,  by  increasing  them,  in  proportion  to  the  sise,  kill  a 
man,  as  they  did  before  the  turkey* 

IPhil.  Trant,  176K 

SECTION    II. 

I.  Communication  and  velocity  of  Electricity^ 

By  W.  Watson,  Esq. 

Ik  a  former  paper  Mr.  W.  took  notice,  that  among  the  many 
sarprising  properties  of  electricity,  none  was  more  remarkable, 
-than  that  the  electrical  power,  accnmalated  in  any  non. electric 
matter  contained  in  a  glass  phial,  described  on  its  explosion  a  cir. 
CBit  through  any  line  of  substances  non-electrical  in  a  considerable 
degree ;  if  one  end  of  it  was  in  contact  with  the  external  surface  of 
this  phial,  and  the  other  end  on  the  explosion  touched  either  the 
electrified  gun  barrel,  to  which  the  phial  in  charging  was  usually 
connected,  or  the  iron  hook  always  fitted  in  It.  This  circuit, 
where  the  non-electric  substances,  which  happen  to  be  between 
the  outside  of  the  phial  and  its  hook,  conduct  electricity  equally 
well,  is  always  described  in  the  shortest  route  possible  ;  but  if  they 
conduct  differently,  this  circuit  is  always  formed  through  the  best 
conductor,  how  great  soever  its  length  is,  rather  than  through  one 
which  conducts  not  so  well,  though  of  much  less  extent. 

It  has  been  found,  that  in  proportion  as  bodies  are  susceptible 
of  having  electricity  excited  in  them  by  friction,  in  that  proportion 
they  are  less  fit  to  conduct  it  to  the  other  bodies ;  in  consequence, 
of  all  the  substances  we  are  acquainted  with,  metals  conduct  best 
the  electrical  powers  ;  for  which  reason  the  circuit  before  spoken 
of  is  formed  through  them  the  most  readily.  Water  likewise  is  an 
excellent  conductor;  for  the  electrical  power  makes  no  difference 
between  solids  and  fluids  as  such,  but  only  as  they  are  non^electric 
matter. 

Moos,  le  Monnier  the  younger,  at  Paris,  in  an  account  trans- 
mitted to  the  Royal  Society,  takes  notice  of  his  feeling  the  stroke 
of  the  electrified  phial  along  the  water  of  two  of  the  basins  of  the 
Thuilleries,  the  surface  of  one  of  which  is  about  an  acre,  by  meanfi 
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ef  an  iron  chain  which  \aj  on  the  ground,  and  was  stretched  round 
half  their  circamference.  On  these  considenitions  it  was  conjee* 
tared,  as  no  circnit  had  as  yet  been  fonnd  large  enough  so  to  dis^ 
sipate  the  electrical  power  as  not  to  make  it  perceptible,  that  if  the 
non-electrical  condoctors  were  properly  disposed,  an  observer 
might  be  made  sensible  of  the  electrical  commotion  quite  across  the 
rirer  Thames,  by  the  comtnunication  of  no  other  medium  than  the 
water  of  that  river.  In  any  other  part  of  natural  philosophy,  as 
we  should  draw  conclusions  only  from  the  f^ts  themselves,  it  was 
determined  to  make  the  experiment. 

The  making  this  experiment  drew  on  many  others,  and  as  the 
gentlemen  concerned  flatter  themselves  that  they  were  made  with 
some  degree  of  attention  and  accuracy,  they  thought  it  not  im- 
proper to  lay  a  detail  of  all  the  operations  before  the  Royal 
Society.  To  try  this  experiment,  it  was  absolutely  necessary  that 
a  line  of  non.electric  matter,  equal  in  length  to  the  breadth  of  the 
river,  should  be  laid  over  it,  so  as  not  to  touch  the  water  in  any 
part  of  its  length  ;  and  the  bridge  of  Westminster  was  thought  the 
most  proper  for  that  purpose,  where  the  water  from  shore  to  shore 
was  somewhat  more  that  four  hundred  yards. 

Accordingly  on  July  14, 1747,  several  members  of  the  Royal 
Society  met  to  assist  in  making  the  experiment.    A  line  of  wire  laid 
along  the  bridge,  not  only  through  its  whole  length,  but  likewiso 
turning  at  the  abutments,  reached  down  the  stone  steps  on  each 
side  of  the  river  low  enough  for  an  observer  to  dip  into  the  water 
an  iron  rod  held  in  his  hand.  One  of  the  company  then  stood  on  the 
steps  of  the  Westminster  shore,  holding  this  wire  in  his  left  hand, 
and  an  iron  rod  touching  the  water  in  his  right ;  on  the  steps  facing 
the  former  on  the  Surry  shore,  another  of  the  company  took  hold 
of  the  wire  with  his  right  hand,  and  grasped  with  his  left  a  largo 
phial  almost  filled  with  filings  of  iron,  coated  with  sheet-lead,  and 
highly  electrified  by  a  glass  globe  properly  disposed  in  a  neigh, 
bouriog  house.     Atbird  observer  standing  near  the  second  dipped 
an  iron  rod  held  in  his  left  hand  into  the  water,  and  touching  the 
iroii  hook  of  the  charged  phial  with  a  finger  of  his  right  hand,  the 
electricity  snapped,  and  its  commotion  was  felt  by  all  the  three 
observers,  bat  much   more  by  those  on  the  Surry  shore.     Th« 
third  observer  here  was  no  otherwise  necessary,  than  that  the  riTer 
full  I  the  iron  was  not  long  enough  to  be  fixed  in  the  mad  on 
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(he  thoKi  and  therefore  was  in  want  of  some  support.  The  ezpe« 
rimenl  was  repeated  several  times,  both  then  and  afterwards,  and 
electrical  motion  felt  across  the  rirer.  The  length  of  this  circuit, 
through  which  the  electricity  was  propagated,  was  at  least  eight 
hundred  yards^  more  than  four  hundred  jards  of  which  was  formed 
by  the  stream  of  the  river. 

Tlic  observers  on  the  Westminster  shore  not  feeling  the  electri- 
cal  th^  commotion  equally  strong  with  those  of  Surry,  was  judged  to 
proceed  from  other  causes  besides  that  of  distance.  For  it  must  be 
considered,  that  the  conducting  wire  was  almost  throughout  its 
whole  length  laid  on  Portland  stone  standing  in  water.  This  stone 
being  in  a  great  degree  non.electric,  is  of  itself  a  conductor  of  elec- 
tricity ;  and  this  stone  standing  in  water,  no  more  of  the  electri- 
city was  transmitted  to  the  observers  on  the  Westminster  shore 
fhan  that  proportion,  on  which  iron  is  more  non-electric,  and  con- 
sequently a  better  conductor  of  electricity  than  stone.  Whether 
the  conducting  wire  on  the  bridge  was  broken  or  no,  and,  conse. 
quently,  whether  the  observers  on  the  Westminster  shore  felt  the 
electrical  commotion  or  no,  not  only  the  observers  on  the  Surry 
shore,  who  with  their  wire  formed  part  of  the  line,  felt  the  shock 
in  their  arms ;  but  those  persons  who  only  stood  on  the  stone 
steps  there,  and  touched  the  wire  with  their  fingers,  felt  the  elec* 
trical  commotion  in  the  arm  of  that  hand  which  touched  the  wire. 
Hence,  and  from  a  person  feeling  the  electrical  commotion  stand- 
ing on  the  wet  stone  steps  of  the  Westminster  shore,  though  not 
forming  part  of  the  line,  but  only  touching  the  wire  with  his  fin- 
gers, it  was  concluded,  that  besides  the  large  circuit  before  spoken 
of,  there  were  formed  several  other  subordinate  circuits,  between 
the  same  steps  of  the  Surry  shore,  and  the  bridge  by  means  of  the 
water ;  by  which  that  part  of  the  electrical  power,  felt  by  the  ob- 
servers on  the  Surry  side  of  the  river,  and  not  by  those  on  the 
WestminHter  side,  was  discharged. 

Dr.  Bevis  having  observed,  that  which  was  likewise  tried  here, 
that  however  well  an  electrified  phial  was  charged,  its  iron  hook 
would  not  fire  the  vapours  of  warm  spirits  of  wine  held  in  a  spoon 
and  applied  to  it,  if  the  person  who  held  the  phial,  and  who  held 
the  spoon,  did  not  take  each  other  by  the  hand,  or  have  some 
other  non-electrical  communication  between  them ;  it  was  there. 
Amw  thoaght  proper  to  try  the  effects  of  electricity  on  some  warm 

t3 
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spirit  of  wine  through  the  large  circait  before  mentiooed.  Ac* 
cordingly  the  observers  being  placed  as  before,  both  on  the  West* 
minster  and  Surrj  shores,  no  other  alteration  was  made  in  the  be- 
fore mentioned  apparatas,  than  that  the  wire  which  connected  th< 
gnn-barrel  with  the  iron  hook  of  the  coated  phial  being  laid  aside, 
the  coated  phtal  itself  was  charged  at  the  gun^barrel,  and  then 
brought  in  the  hands  of  an  obserrer  near  the  warm  spirits  in  the 
spoon,  which  was  placed  on  the  short  iron  rod  beforementioned^ 
which  was  connected  with  the  wire  which  went  to  the  observeis 
on  the  Surry  shore.  On  presenting  properly  the  iron  hook  of  the 
charged  phial  to  the  warm  spirit,  it  was  instantly  fired,  and  the  elec- 
cal  commotion  felt  by  the  observers  on  both  sides  of  the  riven 

It  was  then  thought  proper  to  try  the  effects  of  the  charg^  phial 
on  the  warm  spirit,  when  the  wire  was  divided  which  was  laid  over 
the  bridge ;  on  presenting  the  iron  hook  to  the  spirk,  a  sufficient 
snap  was  given  to  the  spoon  to  fire  the  spirit,  but  nothing  so 
smart  as  in  the  former  eiperiment  where  the  large  circuit  waa 
completed. 

It  M  as  then  tried  what  efiect  would  be  on  the  spirit,  if  the  charg- 
ed phtal  was  divested  of  its  long  wire  which  layover  the  bridgo, 
and  was  only  held  in  the  hand  of  an  observer  ;  while  the  spoon 
with  warm  spirit  was  placed  in  contact  of  the  iron  rod  beforemen. 
tioned,  to  which  the  wire  was  connected,  which  went  to  the  obser. 
Ters  on  the  Surry  shore  ;  and  the  spirit  was  fired  with  much  the 
same  degree  of  smartness  as  in  the  last  experiment. 

In  these  and  all  the  subsequent  operations,  wires  were  made  nse 
of  to  conduct  the  electricity  preferable  to  chains,  as  by  great  num- 
bers of  experiments  it  had  been  fully  proved,  that  whatever  differ- 
ence there  was  in  the  bulk  of  the  conductor,  viz.  whether  it  were 
a  small  wire,  or  a  thick  iron  bar,  the  electrical  strokes  communi- 
cated were  equally  strong  ;  and  it  had  been  further  observed,  be- 
sides  the  difficulty  of  procuring  chains  of  a  requisite  length  for  the 
present  purposes,  that  the  stroke  at  the  gun-barrel,  when  the 
electricity  was  conducted  by  a  chain,  was  caeteris  paribus  not 
so  strong,  as  when  that  power  was  conducted  by  a  wire.  This 
was  occasioned  by  the  junctures  of  the  links  of  the  chain  not  be- 
ing sufficiently  close,  which  caused  the  electricity  in  its  passage  to 
snap  and  fiasli  at  the  junctures,  where  there  was  the  least  separa- 
tion ;  and  these  smaller  snappings  in  the  whole  lengtii  of.  the 
chain  lessened  the  great  one  of  the  guo.barrel. 
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£ucoiiraged  by  Um  success  of  these  trials,  the  gentlemen  were 

dtsiro'ns  of  continuing  their  inquiries,  and  of  knowing  whether  the 

electrical  commotions  were  perceptible  at  a  stUl  greater  distance. 

The  New  River  near  Stoke  Newington  was  thought  most  coveni- 

ent  for  that  purpose  ;  as  at  tlie  bottom  of  that  towB,  the  windings 

of  the  river  are  such,  that  from  a  place  which  he  calls  A  to  another 

B,  the  distance  bj  land  is  about  eight  hundred  feet,  but  the  course 

of  the  river  is  near  two  thousand.      From  A  to  another  place  C^ 

in  a  right  line  is  two  thousand  eight  hundred  feet,  but  the  oount 

of  the  water  is  near  eight  thousand  feet. 

Accordingly,  on  Friday  July  24,  1747,  there  met  at  Stake 
Newington  the  president  of  the  Royal  Society  and  several  other 
gentlemen :  when  every  being  thing  disposed  as  before,  and  the  wire 
eitended  from  A  to  B  and  C,  over  the  meadow,  without  touching  the 
water.  When  every  thing  was  thus  disposed,  and  the  signals  given, 
Hhe  charged  phial  was  exploded  several  times,  and  the  electrical 
oommotlon  every  time  smartly  felt  by  the  observers  both  at  A  and 
B.  In  the  like  trials  with  the  places  A  and  C,  the  commotions  were 
perceptible  from  A  to  C  ;  a  distance  not  less  than  two  thousand 
eight  hundred  feet  by  land,  and  near  eight  thousand  by  water. 

To  execute  this,  to  the  former  wire,  which  was  already  conducts 
ed  to  B,  another  was  added,  which  there  crossed  the  river  with- 
out touching  the  water ;  and  reached  almost  to  C,  where  the  first 
of  a  line  of  gentlemen  held  as  before  the  wire  in  one  hand,  and 
the  last  dipped  the  iron  into  the  water.  The  wire  from  the  ma- 
chine to  A  was  as  before.  Its  effects  were  plainly  though  but 
faintly  perceived  each  time  by  some  of  the  observers,  but  never  by 
them  all.  The  electrical  commotion  was  always  felt  by  that  ob- 
server, who  held  the  extremity  of  the  wire,  but  never  by  him  who 
held  the  iron  rod  in  the  water.  It  was  in  one  experiment  felt  by 
the  observer  who  held  the  wire,  not  felt  by  the  next  who  held  the 
hand  of  the  former,  and  yet  plainly  perceived  by  the  third  who 
joined  the  second.  Those  who  did  not  themselves  feel  the  electri- 
cal commotion  here,  did  as  at  B,  see  the  involuntary  motions  of 
those  who  did.  The  observers  at  A  felt  the  shocks  in  the  same 
degree,  whether  the  other  observers  were  stationed  at  B  or  C. 

This  experiment  further  demonstrates  the  distance  to  which  the 
electrical  power  may  be  conveyed  :  but  the  same  difficulty  occurs 
bere  as  in  the  last,  viz.  whether  the  circuit  was  completed  by  the 
water  of  the  river,  or  by  the  ground  which  was  wet  ? 
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To  r^solre  this  doubt  then,  the  gentlemen  met  agtin  July  S8, 
1747  :  when  the  electrical  commotion  was  first  tried  from  A  to  B 
beforementioned,  the  iron  wire  in  its  whole  length  being  supported, 
without  any  where  touching  the  ground,  bj  drj  sticks  placed  at 
proper  interrals,  of  al>out  three  feet  in  height.  The  observers 
both  at  A  and  B  stood  on  originally.electrics,  and,  on  the  signal, 
dipped  their  iron  rods  into  the  water.  On  discharging  the  phial, 
which  was  several  times  done,  they  were  both  very  much  shocked, 
much  more  so  than  when  the  conducting  wire  lay  on  the  ground, 
and  the  observers  stood  on  it,  as  in  the  former  experiments.  The 
same  experiment  was  tried  with  the  observer  at  A,  instead  of  the 
iron  rod,  dipping  a  narrow  slab  of  Portland  stone  into  the  water  of 
about  three  feet  and  a  half  in  length  ;  when  the  shock  was  felt,  but 
not  so  severe  as  through  the  iron  rod.  This  demonstrated,  as  was  be* 
fore  suggested,  why  the  electrical  commotion  was  not  felt  stronger 
by  the  observers  on  the  western  shore  of  Westminster  bridge,  tie. 
that  Portland  stone  standiug  in  water  will  conduct  electricitj  very 
considerably* 

The  gentlemen  then  tried  what  would  be  the  effect,  If  the  ob- 
server at  B  stood  on  a  cake  of  wax  holding  the  wire  as  before,  and 
touched  the  ground  of  the  meadow  with  his  iron  rod  at  least  a 
hundred  and  Mty  feet  from  the  water  ;  and  if  the  observer  usually 
placed  near  the  river  at  A,  had  his  wire  carried  a  hundred  and  fif- 
ty feet  over  the  river  as  the  former,  stood  on  an  originally-eleo* 
trie,  and  touched  the  ground  with  his  iron  rod.  On  the  explosion 
of  the  charged  phial,  which  was  several  times  done,  both  the  ob- 
servers were  smartly  struck.  This  demonstrated,  that  in  these 
instances  the  moist  ground  of  the  meadows  made  part  of  the  dr* 
cuit.  The  observers  were  distant  from  each  other  about  five  hun- 
dred feet. 

The  observers  then,  stationed  as  in  the  last  experiment,  stood  on 
the  wax  cakes  as  before,  without  touching  the  ground  with  the 
iron  rods,  or  any  part  of  their  bodies,  and  the  charged  phial  was 
exploded  four  times.  These  were  not  at  all  felt  by  the  observer 
next  to  B,  and  without  the  greatest  attention  would  not  have  been 
perceived  by  him  next  to  A  ;  and  then  only  in  some  of  the  trials, 
the  feeling  of  the  electricity  was  like  that  of  a  small  pulse  between 
the  finger  and  thumb  of  that  hand  which  held  Uie  wire.  The  loaded 
phial  was  again  discharged  four  times  more,  without  any  other  aU 
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ttrttkiD  In  Hm  diipMitlon  of  tbe  apparatus  than  that  Ae  oTneirer 
Qtit  to  B  stood  on  the  ground  ;  when  the  electrical  commotioii 
"Was  perceired  bj  the  observer,  thoagh  not  so  sharp  as  when  the 
<ither  obserfer  at  the  same  time  stood  on  the  ground.  The  ob* 
serrer  oent  to  A  felt  the  tingling  between  his  finger  and  thumb  as 
befbro. 

The  gentlemen  were  desirous  of  trying  the  electrical  coromotkm 
«t  a  still  i^reater  distance  than  any  of  the  former  through  the  water, 
and  where,  at  the  same  time  by  altering  the  disposition  of  the  ap« 
paratus,  it  might  he  tried  whether  that  p'*wer  would  be  percepti* 
ble  through  the  dry  ground  only  at  a  considerable  distance*    High* 
bory  Barn  beyond  Islington  was  thought  a  convenient   place  for 
this  purpose,  as  it  was  situated  on  a  hill  nearly  in  a  line,  and  al« 
most  equi. distant  from  two  stations  on  the  New  River,  somewhat 
more  than  a  mile  asunder  by  land,  though  following  the  course  of 
that  rirer  their  distance  from  each  other  was  two  miles.     The  hill 
between   these  stations    was  of  a  gravelly  soil  ^  which,  from  the 
late  coDtinnance  of  hot  weather  without  rain,  was  dry,  full  of 
cncks,  and  consequently  was  as  proper  to  determine  whether  tho 
electricity  would  be  conducted  by  dry  ground  to  any  great  dis« 
tanoe,  as  could  be  desired.     Accordingly,  on  Wednesday,  August 
Af  1747,  they  met  at  Highbury  Barn.     The  « lectrifying  machine 
being  placed  up  one  pair  of  th^  stairs  in  the  house  there,  a  wire 
from  the  coated  phial  was  conducted  on  dry  sticks  as  before  to  that 
station  by  the  side  of  the  New  RiTer,  which  was  to  the  northward 
of  the  house.     The  length  of  this  wire  was  three  furlongs  and  six 
chains,  or  3376  feet.     Another  wire  fastened  to  the  iron  bar,  with 
which,  in  making  the  explosion,  the  gun-barn>l  was  touched,  was 
conducted  in  like  manner  to  the  station  on  the  New  River  to  the 
southward  of  the  bouse.     The  length  of  this  wire  was  four  furlongs 
five  chains  and  two  poles,  or  3003  feet.     I'he  length  of  both  wires, 
exclusive  of  their  turnings  round  the  sticks,  was  one  mile  one 
chain  and  two  poles,  or  5379  feet.   For  the  more  conveniently  des- 
cribing the  experiments  made  here,  we  will  call  the  station  to  the 
northward  D,  and  the  other  E. 

At  this  distance  the  gentlemen  proposed  to  try,  first,  whether 
the  electrical  commotion  was  perceptible,  if  both  the  observers  at 
D  and  £•  supported  by  originally u^lectrics,  touched  the  conducting 
wire  with  oae  baud,  and  the  water  of  the  New  River  with  an  iron 
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rod  held  in  the  other  ?  2dly,  Whether  that  coDimotioa 
perceptible,  if  the  obsenrer  at  £,  beiog  in  all  respects  as  before^ 
the  observer  at  D,  standing  on  wax,  took  his  rod  out  of  the  water  ^ 
3dly,  Whether  that  commotion  was  perceptible  to  both  obserrors^ 
if  the  observer  at  D  was  placed  on  wax,  and  touched  the  ground 
with  bis  iron  rod  in  a  dry  gravelly  field  at  least  300  yards  froa 
the  water  ? 

1  o  try  the  first  proposition,  several  explosions  were  mado  with 
the  observers  at  D  and  £,  touching  (he  water,  and  standing  oa 
-wax,  with  their  iron  rods  in  the  water  ;  when  the  observers  at  both 
Stations  felt  the  electrical  shock. 

To  try  the  second  proposition,  four  explosions  were  made  with 
the  observers  at  D  standing  on  an  originally -electric,  and  taking 
bis  iron  rod  out  of  the  water,  the  observer  at  £  as  before*  In 
each  of  these  the  observer  at  D  felt  a  small  pulsation  between  his 
finger  and  thumb  of  that  hand,  which  held  the  wire.  The  obsenrer 
at  £  felt  each  of  these  as  strong  as  before.  The  four  other  expki* 
sions  were  made  without  any  other  alteration  in  the  apparatus, 
than  that  the  observer  at  D  stood  on  the  ground  about  four  yaitls 
from  the  water  without  any  communication  with  it  The  obier* 
▼er  at  £  felt  the  shocks  in  his  arms  as  before  ;  but  the  observer  at 
D  standing  on  the  ground  was  shocked  in  the  elbow  and  wrist  of 
that  arm  which  held  the  wire,  and  in  both  his  ancles. 

To  try  the  third  proposition,  eight  explosions  were  made  with 
the  observer  at  D  standing  on  an  originally-electric  with  his  rod 
in  the  water  of  the  river  as  before  ;  but  the  observer  at  £  was 
placed  in  a  dry  gravelly  field  about  three  hundred  yards  nearer  the 
machine  than  his  last  station,  and  about  one  hundred  yards  distant 
from  the  river.  He  there  stood  on  the  wax,  holding  the^  conduct* 
ing  wire  in  one  hand,  and  touched  the  ground  with  an  iron  rod 
held  in  the  other.  The  shock  was  each  time  felt  by  the  observer 
at  D,  but  sensibly  weaker  than  in  th^  former  trials  ;  but  the  ob. 
server  at  £  felt  them  all  equally  strong  with  the  former;  the  first 
(our  in  his  arms,  when  he  stood  on  the  wax,  and  touched  the 
ground  with  his  iron  rod ;  the  other  four  in  his  arm  and  ancles, 
when  he  stood  on  the  ground  without  the  iron  rod. 

By  the  experiments  of  tl^is  day,  the  gentlemen  were  satisfied 
that  the  dry  gravelly  ground  conducted  the  electricity  ^s  strongly 
IS  water,  which,  though  otherwise  at  first  conjectured,  they  now 
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found  not  to  be  necessar j  to  convey  that  power  to  great  distances  ; 
u  well  as  that,  from  difference  of  distance  only,  the  force  of  the 
flectrical  commotion  was  very  little  if  at  all  impaired. 

la  one  instance  the  circuit  was  formed  from  the  phial  by  the  ob- 
server at  D  and  his  wire,  a  line  of  ground  which  reached  from  the 
Itetion  at  D  to  the  broken  wire  that  lay  on  the  ground,  and  so 
noch  of  this  wire  as  reached  to  the  short  iron  rod,  which  touched 
tbe  goa.barrel  in  making  the  explosions.  This  induced  the  gen« 
tlemea  to  conclude,  as  from  many  experiments  it  was  manifest ,  that 
when  the  intervening  substances  conduct  electricity  equally  well, 
the  circuit  was  performed  in  the  shortest  way  possible;  that  when 
the  observers  holding  their  iron  rods  in  the  river  at  D  and  £  were 
both  shocked,  the  electricity  was  not  conveyed  by  the  water  of  the 
river,  being  two  miles  in  length,  but  by  land,  where  the  distance 
was  only  one  mile ;  in  which  space  that  power  must  necessarily 
pass  over  the  New  River  twice^  through  several  gravel.pits,  and  a 
large  atubble.field.  So  that  admitting  the  electricity  did  not  foU 
low  the  track  of  the  river,  the  circuit  from  D  to  K  was  at  least  two 
miles,  vis,  somewhat  more  than  one  mile  of  wire,  which  conducted 
the  electricity  from  the  house  to  the  stations,  and  another  mile  of 
ground,  the  shortest  distance  between  those  stations.  The  sani# 
ioference  was  now  drawn  with  regard  to  the  experiments  at  A,  B, 
and  C,  in  the  New  River  before  recited,  viz.  that  as  in  all  of  them 
the  distance  between  the  observers  was  much  greater  by  water  than 
by  land,  the  electricity  passed  by  land  from  one  observer  to  the 
other,  and  not  by  water. 

From  the  shocks  which  the  gentlemen  received  in  their  bodies, 
when  the  electrical  power  was  conducted  by  dry  sticks,  they  were 
of  opinion,  that  from  difference  of  distance  simply  considered,  as 
far  as  they  had  yet  experienced,  the  force  was  very  little  if  at  all 
impaired.  When  they  stood  on  originally.electrics,  and  touched  the 
water  or  ground  with  an  iron  rod,  the  electrical  commotion  was 
always  felt  in  their  arms  and  wrists ;  when  they  stood  on  the 
ground,  and  touched  either  the  water  or  ground  with  their  iron 
rods,  they  felt  the  shock  in  their  elbows,  wrists,  and  ancles ; 
when  they  stood  on  the  ground  without  the  rod,  the  shock  was  al- 
ways in  the  elbow  and  wrist  of  that  hand  which  held  the  conduct- 
ing wire^  and  in  both  ancles.  The  observers  here  being  sensible  of 
Ae  electrical  commotion  in  different  parts  of  their  bodies^  was  ow- 
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ing  in  the  first  instance  to  the  whole  of  it  passing,  because  Hie 
observer  stood  on  wax,  through  their  arms,  and  through  the  troo 
rod ;  In  the  second,  when  they  stood  on  the  ground,  the  electricity 
passed  both  through  their  legs,  and  through  the  iron  ;  in  the  third, 
when  thej  stood  on  the  ground  without  either  wax  or  rod,  th« 
electricity  directed  its  way  through  one  arm,  and  through  both 
legs  to  complete  the  circuit. 

The  gentlemen  were  desirous  of  closing  the  present  inquiry, 
by  examining  not  only  whether  the  electrical  commotions  were 
perceptible  at  double  the  distance  of  the  last  experiments  in  ground 
perfectly  dry,  and  where  no  wator  was  near  ;  but  also,  if  possible, 
to  distinguish  the  respective  velocities  of  electricity  and  sound.  To 
execute  this,  required  their  whole  sagacity  and  address  ;  for  they 
had  met  with  very  great  difficulties  in  the  last  day's  operations, 
where  the  wire  was  conducted  but  little  more  than  a  mile ;  all 
which  could  not  but  be  greatly  augm^ntrd  by  doubling  that  dis* 
tance;  because  it  was  necessary,  thnt  the  house,  in  which  the 
electrifying  machine  was  placed,  should  be  visible  at  I^ast  at  one  of 
the  stations ;  and  that  the  space  between  that  house  and  the  sta* 
tions,  through  which  the  wire  was  conducted,  should  be  very  little 
intersected  by  hedges,  roads,  or  foot. paths ;  neith<  r  should  the 
wire  in  this  space  be  subject  to  be  disturbed  by  the  horses  or  cattle, 
which  were  grazing  ;  nor  ought  to  touch  in  its  passage  the  trees, 
or  any  other  vegetables,  which  at  this  season  of  the  year  were 
every  where  luxuriant.  To  find  a  place  within  a  convenient  dis* 
tance  of  London  with  these  requisites  was  not  very  easy ;  but  at 
last  Shooter's  Hill  was  pitched  on,  as  the  most  convenient.  As 
only  one  shower  of  rain  had  fallen  during  the  preceding  fiv**  weekS) 
the  ground  could  not  but  be  very  dry  ;  and  as  no  water  was  near, 
if  the  electrical  commotion  was  felt  by  the  observers  at  the  stations, 
it  might  be  safely  concluded,  that  water  had  no  share  in  conduct- 
ing it. 

Accordingly,  August  14,  1747,  they  met  at  Shooter's  Hill  for 
this  purpose.  It  was  here  determined  to  make  twelve  explosions 
of  the  coated  phial,  with  an  observer  placed  at  the  seven.mile 
stone,  and  another  at  the  nine.mile  stone,  both  standing  on  vfnx^ 
and  touching  the  ground  with  an  iron  rod.  This  number  of  explo. 
sions  was  thought  the  more  necessary,  as  the  observers  at  these 
stations  were  not  only  to  examine  whether  the  electricity  would  be 
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propagated  to  so  great  a  dbtaoce,  but  if  it  were,  the  obserfer  at 
tbe  aeven.iiiile  stone  was  by  a  second  watch  to  take  notice  of  the 
tame  laiwed  between  feeling  the  electrical  commotion,  and  hearing 
the  report  of  a  gun  fired  near  the  machine,  as  close  as  might  be  to 
the  instant  of  making  the  explosion  ;  and  therefore,  to  examine  this 
Blatter  with  the  requisite  exactness,  this  number  of  explosions 
•luHild  be  made. 

To  execute  this,  the  electrifying  machine  was  placed  up  one  pair 
of  stairs  in  a  house  ou  the  west  side  of  Shooter's  iJill,  and  a  wire 
from  a  short  iron  rod,  with  which  the  guo.barrel  was  touched  in 
naking  the  explosions,  was  conducted  on  dry  sticks  as  before  into 
a  field  near  the  seven-mile  stone.  The  length  of  this  wire,  exclu* 
live  of  its  turnings,  round  the  sticks,  was  a  mile,  a  quarter,  and 
eight  poles,  or  6732  feet.  In  great  part  of  this  space  it  was  found 
Terjr  difficult  to  support  the  wire,  on  account  of  our  scarcely  being 
able  to  fix  the  sticks  in  the  strong  gravel  there  almost  without  any 
CO? er  of  soil ;  nor  could  the  wire  in  some  places  be  prevented 
from  touching  the  brambles  and  bushes,  nor  in  one  field  the  ripe 
barley. 

Another  wire  was  likewise  conducted  on  sticks  from  the  coated 
|ihial  to  the  nine. mile  stone.  In  this  space,  the  soil  being  a  strong 
clay,  the  wire  was  very  well  secured,  and  in  its  whole  length  did 
not  touch  the  bushes.  The  length  of  this  wire  was  3868  feet.  As 
much  as  the  place,  where  the  observers  were  stationed  in  a  corn* 
field,  was  nearer  the  machine  than  the  seven-mile  stone,  so  much 
were  the  other  observers  placed  beyond  the  nine.mile  stone,  that 
their  distance  from  each  other  might  be  two  miles.  The  40  feet  of 
wire  in  these  two  measures  exceeding  two  miles,  was  what  con. 
nected  the  short  iron  rod  beforementioned,  and  the  coated  phial, 
with  their  respective  conducting  wires. 

The  observers  beiug  placed  at  their  respective  stations,  the  ob« 
•errer  at  the  machine  proceeded  in  making  the  explosions  of  the 
coated  phial ;  by  which  the  observers  at  tbe  nine.mile  stone  were 
Tery  strongly  shocked ;  and  they  were  also  felt  at  the  seven.mile 
stone.  This  demonstrated  that  the  circuit  here  formed  by  the 
electricity  was  four  miles,  viz.  two  miles  of  wire,  and  two  miles  of 
ground,  the  space  between  the  extremities  of  that  wire.  A  dbtance 
without  trial  too  great  to  be  credited !  how  much  farther  the 
electrical  commotion  will  be  perceptible,  future  obsenrations  can 
only  determine. 
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The  electrical  commotion  by  the  obsenrers  near  the  sev^n  mM 
stone  was  but  slightly  felt ;  nor  could  it  be  otherwise  eipected^ 
the  wire  in  many  parts  of  its  length  toaching,  as  was  beforemen* 
tioned,  the  moist  vegetables  ;  which,  in  as  many  placet  as  they 
were  touched,  formed  subordinate  circuits.  We  find,  in  all  other 
instances,  that  the  whole  quantity  of  electricity,  accumulated  in  Iha 
coated  phial,  is  felt  equally  through  the  whole  circuit,  when  erery 
part  is  in  a  great  degree  non.electric  ;  so  here  the  whole  quantity, 
or  nearly  so,  determined  that  way,  was  felt  by  the  observers  at  the 
nine.mile  stone  ;  while  those  at  the  other  station  felt  so  much  of 
their  quantity  only,  as  did  not  go  through  the  ?egetables  ;  that  it, 
that  proportion  only  in  which  iron  is  a  greater  non- electric  thai 
the  Tegetables. 

Though  the  electrical  commotions,  felt  by  the  observers  near 
the  seven-mile  stone,  were  not  strong  ;  they  were  equally  conclo. 
sivc  in  showing  the  difference  between  the  respecti?e  velocities  of 
electricity  and  sound.  The  space  through  which  sound  is  props, 
gated  in  a  given  time,  has  been  very  differently  estimated  by  the 
-authors  who  have  written  on  this  subject.  Roberval  gives  it  at  the 
rate  of  560  feet  in  a  second  ;  Gassendos  at  1473  ;  Mersenne  at 
1474 ;  Du  Hamel,  ia  the  History  of  the  Academy  of  Sciences  at 
Paris,  at  1172;  the  Academy  del  Cimento  at  1185;  Boyle  at 
1200  ;  Roberts  at  1300;  Walker  at  1338  ;  Sir  Isaac  Newton  at 
968;  Dr.  Derham,  in  whose  measure  Mr.  Flamstead  and  Dr. 
Halley  acquiesced,  at  1142.  But  by  the  accounts  since  published 
by  M.Cassini  de  Thury  in  the  Memoirs  of  the  Royal  Academy  of 
Sciences  at  Paris  for  the  year  1738,  where  cannon  were  fired  at 
various  as  well  as  great  distances,  under  great  variety  of  weather^ 
wind,  and  other  circumstances,  and  where  the  measures  of  the 
different  places  had  been  settled  with  the  utmost  exactness,  sound 
was  propagated  at  a  medium  at  the  rate  only  of  1038  French  feet  in 
a  second.  The  French  foot  exceeds  the  English  by  7|  lines,  or  is 
as  107  to  114;  and  consequently  1038  French  feet  are  equal  to 
1106  English  feet.  The  difference  therefore  of  the  measures  of 
Dr.  Derham  and  M.  Cassini  is  '3i  French  or  36  English  feet  in  a 
second.*    According  to  the  last  measure,  the  velocity  of  sonnd, 


*  M.  Cassini  de  Thury  afterwords  measured  the  velocity  of  sound  at  Aigue 
fDortes  in  Languedoc,  and  found  the  observations  there  from  those  made  about 
Paris  vary  only  half  a  toise  in  a  second.      See  Mem.  de  TAcad.  Royalc  des 
Sciencei)pour  rano6  1739,  p.  126. — Grig. 
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#ftn  the  wind*  is  still,  is  settled  at  the  rate  of  a  mile,  or  5280 
English  feet  in  4^^^ 

To  return  to  our  purpose :  the  length  of  the  conducting  wire 
frooi  the  machine  to  the  ob<;erfers  near  the  seyen.mile  stone  was 
673%  feet ;  the  length  of  that  to  the  nine. mile  stone  3868  feet. 
The  first  of  these  measures  only  was  made  use  of  in  the  present 
operations  concerning  the  velocity  of  electricitj.  In  twelve  dis- 
charges of  the  coated  phial,  which  were  felt  by  the  observers  near 
fhe  seven-mile  stone,  and  who,  by  a  second  watch  of  Mr.  Gra- 
bam'Sy  measured  the  time  between  feeling  the  electrical  commo. 
tion  and  hearing  the  report  of  the  gun,  with  the  utmost  attention 
and  exactness,  was  at  a  medium  6^  seconds.  And  as  the  gun  was 
distant  from  these  observers  6739  feet,  it  follows,  from  the  ezpe. 
riaentSy  which  have  been  made  on  the  velocity  of  sound,  that  the 
real  instant  of  the  discharge  of  the  gun  preceded  that  of  the  obser- 
vers hearing  Us  report,  at  this  time,  when  the  strength  of  the  wind 
was  not  so  great  as  to  enter  into  the  computation,  6-nnnr^9  or 
preceded  the  instant  when  the  electrical  commotion  was  felt  only 
0|^^''.  Bat  this  instant  was,  from  the  nature  of  the  experiment, 
necessarily  prior  to  that  of  the  electrical  explosion,  which  was  not 
made  till  the  fire  of  the  gun  was  actually  seen  ;  and  therefore  the 
time  between  the  making  of  that  explosion  and  its  being  actually 
felt  by  the  observer,  M'hich  oiust  have  been  less  than  0-pv^-^^',  was 
really  so  small,  as  not  to  fall  under  any  certain  observation^  when 
it  is  to  be  distinguished  from  that  which  must  of  necessity  be  lost, 
between  the  firing  of  the  gun  and  the  electrical  explosion  itself. 

In  all  the  experiments  where  the  circuit  was  formed  to  any  con- 
siderable length,  though  the  coated  phial  was  very  well  charged, 
the  snap  at  the  gun.barrel,  on  this  explosion,  was  not  near  so 
lond  as  when  the  circuit  is  formed  in  a  room  ;  so  that  a  by- 
stander, though  versed  in  these  operations,  from  seeing  the  flash 
and  hearing  the  report,  would  imagine  the  stroke  at  the  ends  of  the 
condncting  wire  to  be  very  slight ;  the  contrary  of  which,  when 
the  wire  has  been  properly  conducted,  has  always  happened. 


*  Dr.  Derham  found,  that  i\'hcn  sound  was  carried  af^i<i?t  die  wind,  not 
only  its  distance  but  its  velocity  was  lessened  ;  and  in  M.  Cnssini's  memoir, 
there  is  an  CKperiment,  where  sound  being  carried  a^^ainst  the  wind,  wbicli 
ibea  blew  very  strong,  was  retarded  near  a  twelfth  part  of  the  uiinal  time  in  itp 
prepress. — Orig. 
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From  a  review  of  these  experimeDtSy  the  following  observationi 
may  be  deduced. 

1.  That  in  all  the  preceding  operationi,  when  the  wires  liaTe 
been  properly  conducted,  the  electrical  commotiona  from  the 
charged  phial  have  only  been  ?ery  coniiderable,  when  the  oh* 
servers  at  the  extremities  of  the  wire  have  touched  some  sub* 
stance  readily  conducting  electricity  with  some  part  of  their  bo. 
dies. 

2.  That  the  electrical  commotion  is  always  felt  most  sensibly  ia 
those  parts  of  the  bodies  of  the  observers,  which  are  between  the 
conducting  wires,  and  the  nearest  and  the  most  non.electric  sub* 
stance;  or  in  other  words,  so  much  of  their  bodies  as  comes  withia 
the  electric  circuit. 

3.  That  on  these  considerations  we  infer,  that  the  electrical 
power  is  conducted  between  these  observers  by  any  non-electric 
substances,  which  happen  to  be  situated  between  them,  and  con* 
tribute  to  form  the  electric  circuit. 

4.  That  the  electrical  commotion  has  been  perceptible  to  tee 
or  more  observers  at  considerable  distances  from  each  other,  OTea 
as  far  as  two  miles. 

5.  That  when  the  observers  have  been  shocked  at  the  end  of  two 
miles  of  wire,  we  infer  that  the  electrical  circuit  is  four  mil«s,  vis. 
two  miles  of  wire,  and  the  space  of  two  miles  of  the  non.electric 
matter  between  the  observers,  whether  it  be  water,  earth,  or  both. 

6.  That  the  electrical  commotion  is  equally  strong,  whether  it  is 
conducted  by  water  or  dry  ground. 

7.  That  if  the  wires,  between  the  electrifying  machine  and  the 
observers,  are  cunducted  on  dry  sticks,  or  other  substances  non- 
electric in  a  slight  degree  only,  the  effects  of  the  electrical  power 
are  much  greater  than  when  the  wires  in  their  progress  touch  the 
ground,  or  moist  vegetables,  or  other  substances  in  a  great  degree 
non.electric. 

8.  That  by  comparing  the  respective  velocities  of  electricity 
and  sound ;  that  of  electricity,  in  any  of  the  distances  yet  expe* 
rienced,  isjiearly  instantaneous. 

The  gentlemen  concerned  were  still  desirous,  if  possible,  of 
ascertaining  the  absolute  velocity  of  electricity  at  a  certain  dis* 
tance  ;  because,  though  last  year  in  measuring  the  respective  velo. 
cities  of  electricity  and  sound,  the  time  of  its  progress  was  fonnd 
to  be  very  little^  yet  they  vfere  desirous  of  knowingy  imall  m 
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ttfti  tine  waty  wbaCiier  it  was  DMuareabb;  tad  Mr.W.  luid 
Ihongbt  of  another  method  for  this  purpose. 

AcGordlDgljTy  August  6,  1748,  there  met  at  Shooter's  Hill  for 
thb  purpose  the  president  of  the  Rojrai  Society,  and  sereral  other 
gentlemeo :  when  it  was  agreed  to  make  the  electrical  circuit  of 
two  miles,  in  the  middle  of  which  an  obserrer  was  to  tak^  in  each 
band  one  of  the  extremities  of  a  wire,  which  was  a  mile  in  length. 
These  wires  were  to  be  so  disposed  that,  this  observer  being  placed 
on  the  floor  of  the  room  near  the  electrifying  machine,  the  other 
obserTers  might  be  able  in  the  same  Tiew  to  see  the  explosion  of 
the  charged  phial  and  the  observer  holding  the  wires,  and  might 
tako  notice  of  the  time  lapsed  between  the  discharging  the  phial 
and  the  convulsive  motions  of  the  arms  of  the  observer  in  conse* 
qnencse  of  it ;  as  this  time  would  show  the  velocity  of  electricity, 
through  a  space  equal  to  the  length  of  the  wire  between  the  coated 
phial  and  this  observer* 

When  all  parts  of  the  apparatus  were  properly  disposed,  several 
explosions  of  the  charged  phial  were  made  ;  and  it  was'  invariably 
seen,  that  the  observer,  holding  in  each  hand  one  of  the  extremi- 
ties of  these  wires,  was  conrulsed  in  both  his  arms  in  the  instant 
of  making  the  explosions.  Instead  of  one,  four  men  were  then 
placed  holding  each  other  by  the  hand  near  the  machine,  the  first 
of  which  held  in  his  right  hand  one  extremity  of  the  wire,  and  the 
last  man  the  other  in  his  left.  They  were  all  seen  convulsed  in 
fhe  instant  of  the  explosion.  Every  one  who  felt  it,  complained  of 
the  severity  of  the  shock.  It  was  then  tried  whether,  as  the  ground 
was  wet,  if  the  explosion  was  made  with  the  observer  holding  the 
ejUremity  of  each  wire  standing  on  the  ground  near  the  window  of 
the  house,  any  difference  would  arise  in  the  success  of  the  experi- 
ment: no  difference  was  found,  the  observer  being  shocked  in 
the  instant  of  the  explosion  as  before  in  both  his  arms,  and  across 
his  breast.  On  these  considerations  they  were  fully  satisfied,  that 
tiirough  the  whole  length  of  this  wire,  being  12376  feet,  the  velo* 
city  of  electricity  was  instantaneous. 

Mr.  W.  took  notice,  in  a  sequel  to  the  experiments  relating  to 
electricity*,  of  an  observation  of  professor  Bose  of  Wittenberg, 
Tix.  *^  that  if  the  electrifying  machine  is  placed  on  originally. 
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clecM^t,  ihn  man  who  Tiibs  tlie  globe  trith  Mi  hands,  eren  unier 
these  apparently  favoorable  circumstatieeB,  gites  no  slgti  of  being 
electrised  when  touched  by  an  onexdted  noo.electric.  But  if 
mother  person,  standing  on  the  floor,  does  bot  touch  the  globe  ill 
motion  with  the  end  of  one  of  his  fingers,  or  any  other  non-electriti 
the  person  robbing  is  instantly  electrised,  and  that  very  strongly.** 
This  experiment,  almost  a  year  since,  Dr.Bevis  carried  fortheri 
by  placing  whatever  non.electric  touched  the  globe  as  a  conductor, 
Wh^her  it  were  a  man  or  a  gun.barrel,  on  originally.electrics.  If 
then,  either  the  man  who  rubbed  the  globe,  or  he  who  only  held 
hh  finger  near  its  equator,  were  touched  by  any  person  standing 
on  the  floor,  a  snapping  from  either  of  them  was  perceptible  on 
that  touch* 

Mr*  W.  offers  a  solution  of  this  pha?nonienon,  and  then  gives 
another,  to  the  same  purport,  from  Mr.  Franklin  of  America* 

At  this  time,  says  Mr.  W.  I  am  the  more  particular  concerflh* 
ingthe  solution  of  this  singular  appearance,  as  Mr.Collinson,  a 
worthy  member  of  this  society,  has  receired  a  paper  concerning 
electricity  from  an  ingenious  gentleman,  Mr.  Franklin,  a  friend  of 
his  in  PennsyWanta*  This  paper,  dated  June  1,  17^9  I  very  lately 
perused,  by  favour  of  our  most  worthy  president.  Among  Other 
curious  remarks,  there  is  a  like  solution  of  this  fact ;  for  though 
this  gentleman's  experiment  was  made  with  a  tube  instead  of  a 
globe,  the  difierence  is  no- ways  material.  As  this  experiment  was 
made,  and  the  solution  giren  on  the  other  side  of  the  Atlantic 
Ocean,  before  this  gentleman  could  possibly  be  acquainted  with 
our  having  observed  the  same  fact  here,  and  as  he  seems  very  con. 
versant  in  this  part  of  Natural  Philosophy,  I  take  the  liberty  Of 
laying  before  you  his  own  words. 

^^  1.  A  person  standing  on  wax,  and  rubbing  the  tube,  and 
another  person  on  wax  drawing  the  fire;  they  will  both  of  them, 
provided  they  do  not  stand  as  to  touch  one  another,  appear  to  be 
electrised  to  a  person  standing  on  the  floor  ;  that  is,  he  will  per. 
ceive  a  spark  on  approaching  each  of  them  with  his  knuckle* 
2.  But  if  the  persons  on  wax  touch  one  another  during  the  exciting 
of  the  tube,  neither  of  them  will  appear  to  be  electrised.  3.  If 
they  touch  one  another  after  exciting  the  tube  and  drawing  the  fire 
as  aforesaid,  there  will  be  a  stronger  spark  between  them,  than 
was  between  either  of  them  and  the  person  on  the  floor.  4.  After 
such  a  strong  spark  neither  of  them  discover  any  electricity. 
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^*  Thct*  appesFMcet  we  attempt  to  accouot  for  that ;  we  sap* 
•V  Muit  electrical  ire  is  a  common  element^  of  winch  eTery  one 
t  ikete  three  persons  has  bis  eqnal  share  before  any  operation  is 
ngaa  with  the  tube.  A,  who  stands  on  wax,  and  robs  the  tube, 
srfleota  the  electrical  fire  from  himself  into  the  glass;  and  his 
fmiration  wkb  the  common  stock  being  cut  off  by  the  wax, 

•body  is  not  again  immediately  supplied.  B,  who  stands  on 
Ukewise,  parsing  his  knuckle  along  n^ar  the  tube,  receWes  the 
lie  which  was  collected  by  the  glass  from  A  ;  and  his  conmoid* 
■Hon  with  the  common  stock  being  cut  otfj  he  retains  the  addi« 
Isoal  qnanttty  receired.  To  C,  standing  on  the  floor,  both 
ippsar  to  be  electrised  :  for  he,  ha? ing  only  the  middle  qoantity  of 
dictrical  €re,  receives  a  spark  on  approaching  B,  who  has  an  o?er 
|M«titj,  but  gives  one  to  A,  who  has  an  nnder  quantity.  If  A 
tad  B  approach  to  touch  each  otiier,  the  spark  is  stronger ;  be. 
snw  the  difference  between  them  is  greater.  After  such  touch, 
Ihefa  b  no  spark  between  either  of  them  and  C,  because  the  elec. 
Meal  fire  in  all  is  reduced  to  the  original  equality.  If  they  touch 
vHe  electrising  the  equality  is  never  destroyed,  the  fire  only 
dpoalating.  Hence  have  arisen  some  new  terms  among  us*  We 
H^y  B  (and  bodies  alike  circumstanced)  is  electrised  positively  ; 
Ay  negatively ;  or  rather,  B  is  electrised  plus,  A  minus.  And  we 
Isfljr  in  our  experiments  electrise  plus  or  minus,  as  we  think  pro- 
per. To  electrise  plus  or  minus,  no  more  needs  be  known  than 
(Ms  ;  that  the  parts  of  the  tube  or  sphere  that  are  rubbed^  do  in 
(be  instant  of  the  friction  attract  the  electrical  fire,  and  therefore 
At  it  from  the  thing  rubbing.  The  same  parts  immediately,  as 
tlla  friction  on  them  ceases,  are  disposed  to  give  the  fire,  they  bava 
leceived^  to  any  body  that  has  less.  Thus  you  may  circulate  it,  as 
If r. 'Watson  has  shown*  ;  yon  may  also  acromnlate  or  substract 
t,  on  or  from  any  body,  as  you  connect  that  body  with  the  mb- 
^,  or  with  the  receiver,  the  communication  with  the  common 
itodL  being  cut  oflp.*' 

The  solution  of  this  gentleman,  in  relation  to  this  phsenomenon, 
10  actually  corresponds  with  that  which  1  offered  very  early  last 
ipriog^  that  1  could  not  help  communicating  it^ 

In  bodies  having  the  power  of  readily  conducting  electricity, 


«  See  my  Sequel,  p.  64.— Orig. 
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ibis  seems  to  depend  rery  little  on  their  specific  gra?ity,  simpljr 
considered :  metals  for  instance,  and  water,  are  in  a  great  degree 
non-electrics,  and  conseqoentl  j  ccmduct  electricity  the  best  of  any 
substances,  that  hare  yet  fallen  under  oar  notice;  whereat  the 
calxes  of  metals,  though  rery  dense  bodies,  and  very  greatly  nore 
so  than  water,  prevent  in  a  great  degree  the  quick  propagatioa  of 
the  electrical  power.  So  that  a  phial  coated  within  and  withOTt 
with  ceruse,  u  e.  the  calx  of  lead,  and  electrised,  did  not,  on  ti» 
application  as  usual  of  one  hand  to  the  external  surface^  aid 
touching  the  prime  conductor  with  the  other,  occasion  any  thodi, 
or  make  any  explosion,  more  than  the  simple  stroke  from  the 
prime  conductor.  The  same  obserration  holds  good  with  tegni 
to  red  lead,  litharge,  and  lunar  caustic  or  the  calx  of  sUver,  noae 
of  which  snap  when  electrised.  For  the  same  reason,  fiHogt  of 
iron,  which  are  rusty,  i.  e.  hare  their  surfaces  converted  Into  a 
ealx,  are  much  less  proper  to  be  put  in  glasses  to  make  the  Leyden 
experiment,  than  those  that  arc  not ;  inasmuch  as  these  last  cause 
a  much  louder  explosion  than  the  first. 

Mr«  Wr  procured  a  glass  jar  as  large  as  possible,  so  that  tho  glass 
might  be  very  thin ;  the  height  of  which  was  twenty-two  IbcIms, 
the  periphery  forty-one.  This  was  covered  within  and  iHitiMut, 
leaving  a  margin  of  an  inch  at  top,  with  leaf* brass.  As  much  of 
the  internal  surface  as  was  covered  amounted  to  1129  square 
inches.  But  the  difficulty  he  met  with  in  procuring  this  glass,  was 
sufficiently  recompensed  by  the  great  increase  of  the  explosion  from 
it,  when  fully  electrised,  and  discharged  in  the  same  manner  as  be- 
fore.  The  report  was  vastly  louder ;  all  the  attendant  phssnomeiia 
greatly  exceeded  any  thing  of  this  kind  he  was  before  acquainted 
with.  As  the  quantity  of  metal  within  this  }ar  did  not  exceed  two 
drams,  this  experiment  gives  further  weight  to  his  opinion  in 
regard  to  the  manner  of  increasing  the  effects  of  the  Leyden  ex. 
periment ;  and  from  what  the  phaenomena  of  that  surprismg  expe- 
riment principally  proceed ;  viz.  not  from  the  volume  of  the  prime 
conductor,  nor  from  the  quantity  of  non.electrical  matter  eon. 
tained  in  the  glass,  but  from  the  number  of  points  of  non-electrical 
contact  both  within  and  without^side  of  the  glass,  and  from  the 
density  of  the  matter  constituting  those  points.  It  must  be  observed 
that  cseteris  paribus,  the  electrical  explosion  is  greater  from  hot 
water  included  in  glasses,  than  from  cold ;  and  from  these  glass 
jars  warmed,  than  when  they  are  cold. 


OF  fiLBCTRICITT.  99S 

The  esplosioDs  from  the  large  glasses  just  meotioaed  fulljr 
cleotritedy  as  well  as  from  small  ones  under  the  same  circniaui 
ataaetS)  will  not  be  considerable,  unless  the  circuit  be  completed; 
ikat  by  unless  some  matter,  non*electric  in  a  considerable  degree, 
and  la  contact  with  the  coatings  of  the  phials,  is  brought  into  cob. 
laety  or  nearly  so,  with  such  non-eleotrics  as  communicate  with 
the  matter  contained  in  the  phials  themseWes.     When  indeed  the 
aircuit  can  be  completed,  the  eiplosion  from  the  large  glasses  is 
prodigious ;   the  whole  quantity  of  electricity  accumulated,  or 
aaarlj  so,  being  discharged  in  an  instant.     But  the  fact  is  other- 
wiaa  if  the  circuit  is  not  completed,  and  the  iron  rod  ia  tjbe  mouth 
of  one  of  these  phials  is  touched  by  a  non.electric  (the  h^ad  of  a 
ssaa  far  instance)  not  in  contact  with  the  tail  wire :  for  then  there 
wiU  be  no  explosion,  to  shock ;  but  the  person  approaching  has 
fasger  near  the  iron  rod,  will  see  a  succession  of  small  sparks^ 
■ore  intensely  red  than  that  large  one  seen  when  the  phials  explode 
at  once ;  and  the  person  making  the  experiment  will  feel  a  very 
pmgent  pain,  but  confined  to  that  finger  which  touches  the  iron 
rod*    This  succession  of  sparks  continues  till  the  electricity  accu» 
aplated  in  the  phials  is  nearly  exhausted.    So  that  the  explosion 
from  any  giren  quantity  of  electricity,  accumulated  as  beforemen- 
tioned^  is  greater  or  less  in  proportion  to  the  time  expended  in 
aiaking  that  explosion ;  in  like  manner  as  a  gi?en  quantity  of 
grained  guopowder  rammed  hard  in  a  pistol,  is  almost  instantaneous- 
ly fired,  and  that  with  a  great  report ;  when  the  same  quantity  of 
gunpowder  rubbed  fine,  and  rammed  hard,  takes  a  considerable 
time  in  burning  as  a  squib,  and  makes  no  explosion. 

From  what  he  has  advanced,  it  may  possibly  be  conjecture^, 
that  the  electrical  efiluYia  occupy  only  the  surfaces  of  bodies  elec- 
trised ;  as  we  found  that  a  very  small  body  of  mattei^,  distributed 
under  a  ?ery  large  surface,  would  occasion  a  greater  accumulation 
of  electricity,  than  a  much  more  considerable  quantity  of  matter 
under  a  less.  But  that  the  electricity  occupies  the  whole  masses 
9l  bodies  electrised,  and  passes  through  their  constituent  parts, 
Blr*  W.  thinks  is  clearly  demonstrated  by  the  following  experiment. 

.  He  enveloped  an  iron  rod,  about  three  feet  in  length,  with  a 
mixture  of  wax  and  resin,  learing  free  from  this  mixture  only  one 
inch  at  each  end.  This  iron  was  warmed,  when  thus  fitted,  that 
the  whole  of  its  surface  where  it  was  intended  might  be  covered, 

V  ) 
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This  rod,  wliflrn  el^ctrisfd  ^t  on«  of  tin  ends,  8naf»ped  at  §tH 
ftt  the  other,  as  though  It  was  withoiyt  i^tat  and  i^esln.  Thi«  < 
iei  hav«  happened  froiA  th«  eledrieitle»  passing  alon$  the  so 
of  the  iron  rod,  because  th^re  it  was  prevented  by  the  ori^hi 
electrics,  and  consequently  ttMt  of  necessity  pass  throvgllp 
Again,  a  phial  of  water  in  the  eiperimetit  of  I^eyden  ctfn  Ite 
trised,  and  may  be  caased  tor  explode,  thoagh  fhe  wire,  !•• 
ihe  water  hi  the  phiid  fn  making  that  experiment,  be  rtm  till 
t  wax  stopple,  exactly  fitted  to  the  mouth  of  the  phial. 

Be- caused  a  ^lasft  tube^  open  Ht  each  end,  aivd  abont  C#«l 
ASrd  li  htif  long,  t6  be  capped  wHh  brass  cemented  to  th^  #d 
the  tabe.  In  the  Centre  of  each  of  theae  caps  was  fastened  ft 
der  brass  rod  ;  and  these  Wefe  disposed  so  in  the  tnbe,  as  tof « 
whhin  half  an  Inch  of  each  other.  When  the  tnbe  was  pM] 
suspended  in  silk  lines,  with  one  of  its  ettremltles  near  a  glaM  glo 
motion,  the  brass  work  at  both  ends  snapped  equally  stronger  A 
iHectricity  conld  not  pass  along  the  surface  of  this  tnbe  waHMi 
Wiped  clean,  this  effect  could  not  hsive  happened,  unless  tlie 
tricity  perraded  the  substance  of  the  brass  caps.  On  tdodbioj 
brass  at  the  end  of  the  tube  most  remote  from  the  electf IfylMg 
chine,  the  snaps  from  one  of  the  brass  rods  within  the  tube  f 
other  were  seen  to  correspond  with  the  snaps  without.  MM 
|»erlment8  of  this  kind  might  be  added,  but  these  he  presuaea 
sofficient  to  show,  that  the  electricity  occupies  the  whole  nuill 
Hon.electric  bodies  electrised. 

Mr.  W.  mentions  a  series  of  experiments  he  had  made  iti  ft 
from  the  comparison  of  which  with  the  experiments  in  open  ul 
appears  that  our  atmosphere,  when  dry,  is  the  agent  by  #1 
With  the  assistance  6f  other  electrics  ))er  se,  we  are  enabled  U 
<;umnlate  electricity  in  and  upon  non.electrics ;  Ihat  is,  to  i 
fhuulcate  to  them  a  gt'eiter  quantity  of  electricity  than  they  i 
tally  hate :  hence  also  we  see,  that  on  the  j^moVal  of  the  ait, 
electridty  perrades  the  Tacuudi  to  ft  considerable  distaticey 
matilfests  its  effects  on  any  non-eleetHcs,  which  terminate  tlMl 
cuum:  and  by  these  means  that  originally.electric  bodies,  ett 
their  most  perfect  state,  pot  on  the  appearance  of  non.eleet 
by  becoming  the  conductors  of  electricity. 

IPhii.  Trans.  Abr.  VfVA 
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2.  The  tame  Subject  continuedm 
By  the  same. 

Ma.  WaUoR  laid  liefore  the  Royal  Socfety*  an  account  of  what 
bad  been  done  by  some  gentlemen,  in  order  to  ascertain  the  respec- 
live  velocities  of  electricity  and  sound  ;  from  which  it  appeared, 
that  tbrongb  a  space  measuring  6732  feet,  the  electricity  was 
perceptible  in  a  quantity  of  time  less  than  -^^^  of  a  second.  But 
ikm  gentlemen  concerned  were  desirous,  If  possible,  of  ascertaining 
tbe  absolnte  velocity  of  electricity  at  a  certain  distance ;  and  a  me. 
Ibsd  bad  been  thought  of,  by  which  this  might  be  determined  with 
graat  exactnesst 

Accordingly,  August  5,  1748,  there  met  at  Shooter's  Hill  for 
lUs  purpose,  the  president  of  the  R.  S.  the  Rev.  Mr.  fiirch,  the 
Her*  Dr.  Bradley,  astronomer  royal,  James  Burrow,  Esq.  Mr. 
Bllool,  Mr.  George  Graham,  Richard  Graham,  Esq.  the  Rev, 
Mr,  Lawrie,  Charles  Stanhope,  Esq.  and  Mr.  W.  who  were  of 
Bioyal  Society ;  also  Dr.  fievis,  and  Mr.  Grischow,  jan.  a 
of  the  Royal  Academy  of  Sciences  at  Berlin. 

It  was  agreed  to  make  the  electrical  circuit  of  two  miles ;  in  the 
Middle  of  which  an  observer  was  to  take  in  each  hand  one  of  the 
•stmsities  of  a  wire,  which  was  a  mile  in  length.  These  wires  were 
to  be  so  disposed^  that  this  observer  being  placed  on  the  floor  of  the 
room  near  the  electrical  machine,  the  other  observers  might  be  able  in 
tlie  same  view  to  see  the  explosion  of  the  charged  phial,  and  the  ob. 
server  holding  the  wire  ;  and  might  take  notice  of  the  time  lapsed 
between  the  discharging  the  phial  and  the  convulsive  motions  of  the 
arms  of  the  observer  in  consequence  of  it ;  as  this  time  would  show 
Ae  velocity  of  electricity,  through  a  space  equal  to  the  length  of 
Aa  wire  between  the  coated  phial  and  the  observer. 

The  electrifying  machine  was  placed  in  the  same  house  as  it  was 
itft  year.  We  then  found  ourselves,  says  Mr.  W.  greatly  embar* 
rassed  by  the  wire's  being  conducted  by  the  side  of  the  road,  which 
wa  were  compelled  to,  on  account  of  the  space  necessary  for  the 
measuring  of  sound  ;  but  so  great  a  distance  from  the  machine  was 


*  See  the  preceding  arti<;le. 
u4 
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not  now  wanted)  though  the  circuit  through  the  wire  wag  intended 
to  be  at  least  two  miles*  We  had  discoTered,  by  our  former  expe- 
riments, that  the  only  caution  now  necessary  was,  that  the  wires 
conducted  on  dry  sticks  should  not  touch  the  ground*  nor«acii 
other,  nor  any  non.electricai  in  a  considerable  degree^  in  any  part 
of  their  length ;  if  they  did  not  touch  each  other,  the  returns  of  the 
wire,  be  they  eTer  so  frequent,  imported  little^  as  the  wife  had 
been  found  to  conduct  electricity  so  much  better  thap  the  stickf* 
It  was  therefore  thought  proper  to  place  these  sticks  in  a  field  fif^ 
yards  distant  from  the  machine.  The  length  of  this  field  )ieing 
eleven  chains,  or  726  feet,  eight  returns  of  the  wire  from  the  top 
to  the  bottom  of  the  field,  made  somewhat  more  than  a  mile,  md 
sixteen  returns  more  than  two  miles,  the  quantity  of  wire  iateodi(d 
for  the  electricity  to  pass  through  to'make  the  experiment. 

We  had  found  last  year,  that  on  discharging  the  electrified  phials^ 
if  two  observers  made  their  bodies  part  of  the  circuit,  pne  pf  ifhl^ 
grasped  the  leaden  coating  of  the  phial  in  one  hand,  aiid  he}d  in  |dy 
other  one  extremity  of  the  conducting  wire ;  and  if  the  othpr  oiip 
server  held  the  other  extremity  of  the  condiicting  wire  in  one  liaiidf 
and  took  in  his  other  the  short  iron  rod  with  which  the  ef  plpsioi 
was  made ;  on  this  explosion,  they  were  both  shocked  in  the  saiaa 
instant,  which  was  that  of  the  explosion  of  the  phial.  If  therefore 
an  observer,  making  his  body  part  of  the  circuit,  was  shocked  i^ 
the  instant  of  the  explosion  of  the  charged  phial  in  the  middle  of  th^ 
wire,  no  doubt  would  remain  of  the  velocity  of  electricity  being 
instantaneous  through  the  length  of  that  whole  wire.  But  if,  on  the 
the  contrary,  the  time  between  making  the  explosion,  and  seeing 
the  convulsions  in  the  arms  of  the  observer  holding  the  conducting 
wires,  was  great  enough  to  be  measured,  we  then  should  be  able  t^ 
ascertain,  ifs  velocity  to  the  distance  equal  to  half  the  quantity  of 
wire  employed  only,  let  the  manner  of  the  electricity's  discharging 
itself  be  what  it  would. 

To  make  the  experiment,  the  same  phial  filled  with  filings  of  ifon^ 
and  coated  with  sheet-lead,  which  was  used  last  year,  was  placed 
in  the  window  of  the  room  near  the  machine,  and  was  connected 
to  the  prime  conductor  by  a  piece  of  wire.  To  the  coating  qf 
this  phial  a  wire  was  fastened ;  which  being  conducted  on  dry 
sticks  to  the  before*mentioned  field,  was  carried  in  like  manner  to 
the  bottom ;  and  being  conducted  thus  from  the  bottom  of  the  field 
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to  the  iopy  tnd  from  the  top  to  the  bottom  seren  other  times,  re. 
tnnied  again  into  the  room  and  waa  held  in  one  hand  of  an  ob« 
lerver  near  the  machine.  From  the  other  hand  of  this  obserrer 
another  wire,  of  the  same  length  with  the  former,  was  conducted 
in -the  same  manner,  and  retnmed  Into  the  room,  and  was  fastened 
to  the  iron  rod  with  which  the  explosion  was  made.  The  whole 
Itngih  of  the  wires,  allowing  ten  yards  for  their  turns  round  the 
fticka,  amounted  to  two  miles  and  a  quarter  and  six  chains,  or  12278 
fset. 

When  all  parts  of  the  apparatus  were  property  disposed,  sereral 
csploalons  of  the  charged  phial  were  made;  and  it  was  iuTariably 
sean,  that  the  obserrer  holding  in  each  hand  (one  of  the  extremities 
•f  theae  wires  was  conrulsed  in  both  hit  arms  in  tlie  instant  of  making 
the  explosipns. 

Instead  of  one,  four  men  were  then  placed,  holding  each  other 
by  the  hand  near  the  machine,  the  first  of  which  held  in  his  right 
lUuid  one  extremity  of  the  wire,  and  the  hist  man  the  other  in  his 
left.  These  also  were  all  seen  conrulsed  in  the  instant  of  the  ex* 
ploiion*    Eiery  one  who  felt  it  complained  of  the  se? erity  of  the 

On  these  tonsiderations  we  were  fully  satisfied,  that  through  the 
whole  length  of  this  wire,  being  12276  feet^  the  Telocity  of  the 
electricity  was  instantaneous. 

lid. 

SECTION  III. 

Atmoipherical  EUctricity. 

Am  is  one  of  those  bodies  which  hare  received  the  name  of 
0leeiriCy  because  they  are  capable  of  being  positiyely  or  negatiToly 
charged  with  electric  matter.  It  not  only  contains  that  portion  of 
dectricity  which  seems  necessary  to  the  constitution  of  all  terres- 
trial bodies,  but  it  is  liable  also  to  be  charged  negatiTely  or  positiTely 
when  electricity  is  abstracted  or  introduced  by  means  of  condncting 
bodies.  These  different  states  must  occasion  a  variety  of  phieno. 
mena,  and  in  all  probability  contrilrate  Tery  considerably  to  the 
prions  combinations  and  decompositions  which  are  continually 
going  on  in  air.  The  electrical  state  of  the  atmosphere,  then,  is  a 
point  of  oonsiderablo  fanportance,  and  has  with  great  propriety  oc 
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capted  tht  attention  of  pbilofiopbecs  e?«r  sinoe  Dr.FraAklin  d«ipo|u 
Btrated  that  thunder  is  occasioned  by  the  agency  of  electricityf  , 

!•  The  most  complete  set  of  observatiooa  on  the  electricitjr  ol 
the  atmosphere  were  made  by  Professor  Beccaria  of  Turim  Hi 
found  the  air  almost  always  positiTvly  electrical^  especially  in  tht 
dil^time  and  in  dry  weather.  When  dark  or  wet  weather  .clew 
up,  the  electricity  is  always  negative.  Low  thick  fogs  riiU^  lafp 
dry  air  carry  up  a  great  deal  of  electric  malter* 

2.  In  the  morning,  when  the  hygrometer  indicates  dryness efUfl 
to  that  of  the  preceding  day,  poiiitive  electricity  obtains  evea  bolsn 
tnnrise.  As  the  fon  gets  up,  this  jelectricity  increases  moro  .w^ 
markably  i(the  dryness  increases.    It  diminishes  in  the  oveaiii§« 

8.  The  mid-day  electricity  of  days  equally  dry  is  proportio«i4  It 
the  heat. 

4.  Winds  always  lessen  the  electricity  of  a  dear.day,  aspacifllj 
ifdampw 

5m  For  Iho  most  part,  when  thero  Is  a  clear  sky  and  littk  wil4 
a  coDsiderablo  electricity  arises  after  sunset  at  dew  falling. 

6.  Considerable  light  has  been  thrown  upon  the  sources  of  nlpf^ 
spherical  electricity  by  the  experiments  of  Sanssure  and  otbeir|i|t 
losopbers.  Air  is  not  only  electrified  by  friction  like  oUier  eladtik 
bodies,  but  the  state  of  its  electricity  is  changed  by  Yarious  rhfriiml 
operations  which  often  go  on  in  the  atmosphere.  EvaporatiiV 
seems  in  all  cases  to  convey  electric  matter  into  the  atmosphen  j 
and  Saussure  has  ascertained,  that  the  quantity  of  electricity  is  ts 
much  increased  when  water  is  decomposed,  as  when  water  is  dropC 
on  a  red  hot  iron.  On  the  other  hand,  when  steam  is  condensed  inli 
vesicular  vapour,  or  into  water,  the  air  becomes  negatively  electrkk 
Hence  it  would  seem  that  electricity  enters  as  a  component  pari 
into  water ;  that  it  separates  when  water  is  decomposed'  or  «^ 
panded  into  steam,  and  is  reunited  when  the  steam  is  cond— aad 
again  into  water. 

Farther,  Mr.  Canton  has  aKertained  that  dry  air,  when  henlo^ 
becomes  negatively  electric,  and  positive  when  coined,  even  wbaa 
it  is  not  permitted  to  expand  or  contract :  and  the  expanqkm  Mil 
contraction  of  air  also  occasion  changes  In  its  electric  state. 

Thus  there  are  four  sources  of  atmospheric  electricity  knowiu 
1.  Friction ;  2.  Evaporation ;  3.  Heat  and  cold ;  4«  ExpuMOii 
and  contraction :  not  to  mention  the  electricity  evolved  by  Urn 
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■eliiiif,  freeiiof I  toltttitfii,  &o»  of  Ttrious  bodi«f  in  conUct  wUb 

?•  As  air  k  an  electrk,  tht  matter  of  •lectricity,  wliea  accumu- 
lated in  aoj  parlicolar  strata^  will  not  imm*edtaiely  maks  tta.  waj 
to  tiM  neighbouring  strata,  but  will  induce  in  them  chanties  similar 
to  what  is  induced  upon  plates  of  glass  or  similar  bodies  piled  upon 
each  otht'r.     Therefore  if  a  itratam  of  air  be  electrified  positiyelj, 
the  stratum  immediately  abore  it  will  be  negatiTe,  the  stratum  aboTe 
that  positive,  and  so  on.    Suppose  now  that  an  imperfect  conductor 
were  to  come  into  contact  with  each  of  these  strata,  we  know, 
from  the  principles  of  electricity,  that  the  equilibrium  would  be 
restored,   and  that  this  would  be  attended  with  a  loud  noise,  and 
with  a  flash  of  light.     Clouds  which  consist  of  Tesicular  yapours 
mixed  with  particles  of  air  are  imperfect  conductors ;  if  a  cloud 
therefore  come  into  contact  with  two  such  strata,  a  thunder.clap 
wowkl  IbUow.     If  a  positive  stratum  be  situated  near  the  earth,  the 
hrtenrentlon  of  a  cloud  will,  by  serving  as  a  stepping-stone,  bring 
Ae  ftttttuHi  within  the  striking  distance,  and  a  thunder-clap  will  be 
feetrd  white  the  electrical  fluid  is  discharging  itself  into  the  earth. 
If  Ihe  ttratum  be  negative,  the  contrary  effects  will  take  place.     It 
Am  itot  appear,  that  thunder  is  often  occasioned  by  a  discharge  of 
electtic  matter  from  the  earth  into  the  atmosphere.    'i*he  accidents, 
most  of  them  at  least,  which  were  formerly  ascribed  to  this  cause, 
are  now  much  more  satisfactorily  accounted  for  by  Lofd  Stanhope^s 
JT^or^  of  the  Returning  Stroke.     Neither  does  it  appear  that 
electricity  is  often  discharged  into  the  earth,  as  the  effects  of  few 
ttttider.storms  are  visible  upon  the  earth ;  that  it  is  so  sometimes, 
fcowcfrer,  is  certain. 

In  etamining  and  detailing  this  curious  phenomena,  there  is 
oAe  remark  entitled  to  particular  attention:  -it  is  this,  that, 
dtiring  every  discharge  of  electricity,  whether  natural  or  arti. 
ieial,  through  air,  some  change  similar  to  combustion  undoubt. 
city  takes  place.  The  light  and  the  peculiar  smell  with  which 
#11  electtical  discharges  are  accompanied  demonstrate  this  ;  for 
no  light  is  perceptible  when  electricity  is  disrlmrged  in  a  va« 
Mlum.  What  the  change  is  which  electricity  produces  in  air,  or 
httir  it  (irodi^jBes  it,  are  questions  which,  in  the  present  state  of 
Mr  knowledge,  are  iiltogether  ifisoldkd^.    But  the  very  extraordi. 
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nary  galvanic  phenomena  which  at  present  occnpy  the  attenlicNi  of 
philosophers  promise  not  only  to  throw  light  npon  this  importaat 
subject,  but  to  demonstrate  a  ranch  closer  connection  between 
chemistry  and  electricity  than  has  hitherto  been  suspected. 

[7%oifif  on. 
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SECTION   1. 

General  history  of  tkii  curioue  and  Mereiiing  dUcovergn 

M.  UERS  b  no  subject  in  natural  history  that  has  more  attracted  or 
more  deserved  to  attract  the  attention  of  phiiosopherSi  than  ths 
cause  of  Thunder  and  Lightning.  The  magnificepce,  power  and 
splendour  of  these  combined  meteors — the  tremendous  soundr-the 
brilliant  and  rapid  corruscation,  and  the  awful  effects  produced 
without  any  visible  instrumentality,  have  all  concurred  in  filing 
the  mind  in  all  ages  upon  these  stupendous  phsenomena. 

Among  the  Greek  philosophers  the  sources  of  thunder  and 
lightning  were  separated  from  each  other.  The  former  was  as- 
cribed to  a  variety  of  causes,  of  which  Lucretius  enuigerates  not 
less  than  ten,  the  principal  of  them  being  the  shock  of  clouds 
against  clouds,  and  of  winds  against  winds,  meeting  together  from 
adverse  points.  The  latter  was  attributed  to  an  accumulation  of 
pure  etherial  particles  of  elementary  fire,  of  exquisite  minntenessy 
concentrated  in  the  cloud  or  clouds,  whence  the  thunder-storni 
issued,  and  there  creating  a  gass  or  vapour  of  a  peculiar  and  indU 
vidual  quality  *,  an  idea  strongly  congruous  with  the  discoveriei 
of  modern  times. 

It  was  long  afterwards  supposed,  that  both  phenomena  had  one 
common  origin,  and  proceeded  from  sulphureous,  nitrous,  bitn* 
minous  or  other  inflammable  vapours  ascending  from  the  bowels  p( 

*  See  Good*8  Lucretius  aod  Notes,  book  I'u  v.  98|  and  following. 
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flie  earth,  and  fermentfog  together  in  the  atmosphere.  Thomsoni 
that  he  might  be  aure  of  being  right,  enliits  the  whole  of  thede 
into  serrice ;  first  describing  the  ascent  of  inflammable  substances 
bto  the  atmosphere ;  and  then  telling  us  that  they  there  gradually 

Ftrmettt;  till  by  the  touch  etktrial  rotis'd, 

The  iMsh  of  cloudt,  or  irritating  war 

Of  fighting  winds,  while  all  Is  calm  below. 

They  furious  tpdng.  Summ ek,  1 105. 

Within  the  last  half  century,  however,  philosophers  hare  confined 
themselves  to  the  etherial  touch  alone ;  to  the  accumulation  of 
particles  of  elementary  fire  of  a  peculiar  quality,  to  which  alone 
the  school  of  Epicurus  ascribed  the  origin  of  lightning,  and  they 
have  abundantly  succeeded  in  proving,  that  thi^  peculiar  quality  Is 
that  of  the  electric  fluid ;  or,  in  other  words,  that  thunder  and 
lightning  are  altogether  electrical  phasnomena. 

The  philosophers  of  the  middle  of  the  last  century  had  not  pro« 
ceeded  far  in  their  eiperiments  and  enquiries  on  this  subject, 
before  they  perceived  the  obvieus  analogy  between  lightning  and 
electricity,  and  they  produced  many  arguments  to  evince  their 
Mratity.  fint  the  method  of  proving  this  hypothesis  beyond  a 
dod>t,  was  first  proposed  by  Dr.  Franklin,  who,  about  the  close 
of  the  year  1749,  conceived  the  practicability  of  drawing  lightning 
down  from  the  clouds.  Various  circumstances  of  resemblance 
between  lightning  and  electricity  were  remarked  by  this  ingenious 
philosopher,  and  have  been  abundantly  confirmed  by  later  disco. 
veries,  such  as  the  following :  flashes  of  lightning  are  usually  seen 
crooked  and  waving  in  the  air ;  so  the  electric  spark  drawn  from 
an  irregular  body  at  some  distance,  and  when  it  is  drawn  by  an 
Irregalar  body,  or  through  a  space  in  which  the  best  conductors 
are  disposed  in  an  irregukr  manner,  always  exhibits  the  same 
appearance ;  lightning  strikes  the  highest  and  most  pointed  objecti 
in  its  course,  in  preference  to  others,  as  hills,  trees,  spires,  masts 
of  ships,  &c. ;  so  all  pointed  conductors  receive  and  throw  off  the 
electric  fluid  more  readily  than  those  that  are  terminated  by  flat 
surfaces :  lightning  is  observed  to  take  and  follow  the  readiest  and 
best  conductor ;  and  the  same  is  the  case  with  electricity  in  the 
discharge  of  the  Leyden  phial ;  whence  the  doctor  infers,  that  in 
a  thunder-storm,  it  would  be  safer  to  have  one's  clothes  wet  than 
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dry:  Hglifniiig  biirai,  dka#lve8  Metals,  retidt •ome  bodiei,  mom. 
times  strikes  persons  blind,  destroys  aoioial  life,  deprives  iMigMits 
of  tlieir  virtue,  or  reverseo  their  poles;  ood  all  these  two  wialU 
known  properties  of  electrtcitj-. 

But  lightning  also  gives  polarity  to  the  magnetic  needle,  as  well 
as  to  all  bodies  that  hare  any  thing  of  iron  in  them,  as  bricks,  kc» 
and  by  observing  afterwards  which  way  the  magnetic  poles  of  these 
bodies  lie,  it  may  thence  be  known  In  what  direction  the  stroke 
passed.  Persons  are  sometimes  killed  by  lightning  without  exhi- 
brtrng  any  visible  marks  o'  injury ;  and  in  this  case  Signior  Bceoih 
via  supposed  that  the  lightning  does  not  really  touch  thesn,  bet 
only  produces  A  sudden  vacuum  near  them,  and  the  air  mahinf 
violently  out  of  their  lungs  to  supply  It,  they  cannot  reoovier  thair 
breath  again :  and  in  proof  of  this  opinion  he  alleges,  that  the  Uings 
of  such  persons  are  found  flaccid ;  whereas  these  are  found  inflated 
when, the  persons  are  really  killed  by  the  electric  shock  ;  his  hy^ie* 
thesis,  however,  was  controverted  by  Dr.  Priestley  :  and  a  tetter 
theory,  that  of  the  returning  stroke,  has  since  been  introduced  ^ 
Lord  Stanhope  to  explain  the  phmBoroenoo. 

To  demonstrate,  by  actual  experiment,  the  identity  of  the  eleo* 
trie  fluid  wHh  the  matter  of  lightning.  Dr.  Franklin  contrived  lo 
bring  lightning  from  the  heavens,  by  means  of  a  paper  kite,  pro* 
perly  fitted  up  for  the  purpose,  with  a  long  fine  wire  string,  henos 
called  an  elf  ctrical  kite,  which  he  raised  when  a  thunder-storm  sras 
perceif  ed  to  be  coining  on  :  and  with  the  electricity  thus  obtainady 
he  charged  phials,  kindled  spirits,  and  performed  ail  other  soq|| 
electrical  experiments  as  are  usually  exhibited  by  an  excited  glaas 
globe  or  cylinder.  This  happened  in  June  1752,  a  month  after  Che 
electricians  in  France,  in  pursuance  of  the  method  which  he  had 
before  proposed,  had  verified  the  same  theory,  but  without  mof 
knowledge  of  what  they  had  done.  The  most  active  of  these  were 
Messrs.  Dalibard  and  Delor,  followed  by  M.  Mazeas  and  M* 
Monnier. 

In  April  and  June  1753,  Dr.  Franklin  discovered  that  the  airis 
sometimes  electrifi*'d  uegatifely,  as  well  as  someUmes  positively  t 
and  he  even  found  that  the  clouds  would  change  from  positive  te 
negative  electricity  several  times  in  the  course  of  one  thunder-gast. 
This  rurious  and  important  discovery  he  soon  perceived  was  capa* 
ble'of  being  applied  to  practical  use  in  life,  and  in  consequence  :be 
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proposed  a  method,  which  he  soon  accomplished,  of  securing  btrihl* 
ings  from  being  damaged  by  lightning,  by  means  of  conductors. 

Nor  had  the  English  philosophers  been  inattentive  to  this  sub« 
ject :  but,  for  want  of  proper  opportunities  of  trying  the' necessary 
experiments,  and  from  some  other  un^Torable  circamstances,  they 
lad  hitherto  failed  of  success.  Mr.  Cinton,  howeTer,  succeeded  in 
July  179t ;  and  in  the  following  month,  Dr.  Bavis  and  Mr.  Wil. 
son  obserred  nearly  the  same  appearances  as  Mr.  Canton  had  done 
before.  By  a  number  of  experiments  Mr.  Canton  also  soon  after 
obserred,  that  some  clouds  were  in  a  positiTe,  while  some  were  in 
a  negatlye  state  of  electricity  ;  and  that  the  electricity  of  his  con- 
ductiDT  would  somethnes  change,  from  one  state  to  the  other,  fire 
or  six  times  in  less  than  half  an  hour. 

Bat  Sig.  Boccaria  difscorered  this  yarhible  state  of  thunder- 
donds,  before  he  knew  that  it  had  been  obserred  by  Dr.  Franlclin 
or  any  other  person  ;  and  he  has  given  a  very  exact  and  particular 
tcconnt  of  the  external  appearances  of  these  clouds.  From  the 
observations  of  his  apparatus  within  doors,  and  of  the  lightning 
abroad,  he  inferred  that  the  quantity  of  electric  matter  lu  a  com. 
mon  thahder.storm,  is  inconceivably  great,  considering  how  many 
pointed  bodies,  as  spires,  trees,  8cc.  are  continnally  drawing  It  off, 
and  what  a  prodigious  quantity  is  repeatedly  discharged  to  or  from 
the  earth.  This  matter  is  in  such  abundance,  that  he  thinks  It 
impossible  for  any  cloud  or  number  of  clouds  to  contain  it  all,  so 
as  either  to  receive  or  discharge  it.  Ho  observes  also,  that  during 
the  progress  and  increase  of  the  storm,  though  the  lightning  fre. 
quently  struck  to  the  earth,  the  same  clouds  were  the  next  moment 
ready  to  make  a  still  greater  discharge,  and  his  apparatus  conti. 
nned  to  be  as  much  affected  as  ever ;  so  that  the  clouds  must  have 
received  at  one  part,  in  the  same  moment  when  a  discharge  was 
made  from  them  in  another.  And  from  the  whole  he  conclades, 
that  the  clouds  serve  as  conductors  to  convey  the  electric  fluid  from 
those  parts  of  the  earth  that  are  overloaded  with  it,  to  those  that 
are  ezhansted  of  it.  The  same  cause  by  which  a  cloud  is  first 
raised,  from 'vapours  dispersed  in  the  atmosphere,  draws  to  it 
those  that  are  already  formed,  and  still  continues  to  form  new 
ones,  till  the  whole  collected  mass  extends  so  far  as  to  reach  a  part 
of  the  earth  where  there  is  a  deficiency  of  the  electric  fluid,  and 
where  the  electric  matter  will  discharge  itself  on  the  earth.    A 
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chftDnel  of  communicatioa  being  thus  prodaced|  a  fresh  supply  of 
electric  matter  is  raised  from  the  OTerloaded  part,  which  contmaes 
to  be  cooTeyed  by  the  medium  of  tlie  clouds,  till  the  equilibriam 
of  the  fluid  is  restored  between  the  two  places  of  the  earth*  Bee. 
caria  obser? es  further,  that  a  wind  always  blows  from  the  place 
from  which  the  thunder- dond  proceeds;  and  that  the  sudden 
accumulation  of  such  a  prodigious  quantity  of  vapours  must  displace 
the  air,  and  repel  it  on  all  sides.  Indeed,  many  obserrations  of 
the  descent  of  lightnfaig,  confirm  his  theory  of  the  manner  of  itB 
ascent^  for  it  often  throws  before  it  the  parts  of  conducting 
bodies,  and  distributes  them  along  the  resisting  medium,  through 
which  it  must  force  its  passage;  and  upon  this  principle^  the 
longest  flashes  of  lightning  seem  to  be  made,  by  forcing  into  its 
way  part  of  the  rapours  in  the  air.  One  of  the  chief  reasons  why 
these  flashes  make  so  long  a  rumbling  is,  that  their  production  by 
the  vast  length  of  a  vacnum  made  by  the  passage  of  the  electric 
matter :  for  although  the  air  collapses  the  moment  after  it  lias 
passed,  and  the  vibration,  on  which  the  sound  depends,  com- 
mences at  the  same  moment ;  yet  when  the  flash  is  directed  toward 
the  person  who  hears  the  report,  the  vibrations  excited  at  the 
nearer  end  of  the  track,  will  reach  his  ear  much  sooner  than  those 
from  the  more  remote  end ;  and  the  sound  will,  without  any  echo 
or  repercussion,  continue  till  all  the  vibrations  have  successively 
reached  him. 

How  it  happens  that  particular  parts  of  the  earth,  or  the  clouds, 
come  into  the  opposite  states  of  positive  and  negative  electricity,  is 
a  question  not  absolutely  determined  :  though  it  is  easy  to  conceive 
that  when  particular  clouds,  or  dilferent  parts  of  the  earth,  possess 
opposite  electricities,  a  discharge  will  take  place  within  a  certain 
distance  ;  or  the  one  will  strike  into  the  other,  and  that  in  the  dis- 
charge a  flash  of  lightning  will  be  seen.  Mr.  Canton  queries  whether 
the  clouds  do  not  become  possessed  of  electricity  by  the  gradual 
heating  and  cooling  of  the  air  ;  and  whether  air  suddenly  rarefied 
may  not  give  electric  fire  to  clouds  and  vapours  passing  through  itj 
and  air  suddenly  condensed  receive  electric  fire  from  them.-*-Mr. 
Wilcke  supposes,  that  the  air  contracts  its  electricity  in  the  same 
manner  that  sulphur  and  other  8Ut»slances  do,  when  they  are  heated 
and  cooled  in  contact  with  various  bodies.  Thus,  the  air  being 
heated  or  cooled  near  the  earth,  gives  electricity  to  the  earth,  or 
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leeiif M  it  from  it ;  and  the  electrified  air,  being  coa?ejed  upward 
bf  rariona  meaDS,  commoDicates  its  electricity  to  the  clouds. 

It  baa  aiace  beeo  obser? ed  by  Lord  Mabon,  now  Earl  Stanhopei 
tkt  damage  may  be  done  by  lightning,  not  only  by  the  main 
itroke  and  lateral  explosion,  but  also  by  what  his  lordship  calls 
Ml  RETUA3IIVG  8THOKE;  by  which  IS  meaut,  as  we  shall  notice 
more  fully  in  a  subsequent  article,  the  sudden  and  violent  return 
of  diat  part  of  the  natural  share  of  electricity  gradually  expelled 
from  some  body  or  bodies  within  the  range  of  the  main  stroke,  by 
tiie  additional  passage  of  the  electrical  atmosphere  discharged  from 
the  thunder  cloud. 

iPhiL  Tram.  Rozier.  Pai^ne.  Editor » 
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Invention  and  curiout  properties  of  the  Electrical  Kite*. 

I*  Lptter  from  Benjamin  Fmnklin,  Esq.  to  Mr.  Peter  CoUioion,  F.R*S.  dated 

Philadelphia,  Oct.  1,  11S2. 

As  frequent  mention  is  made  in  the  public  papers  from  Europe , 
of  the  success  of  the  Philadelphia  experiment,  for  drawing  the 
electric  fire  from  clouds,  by  means  of  pointed  rods  of  iron  erected 
on  high  bnildings,  &c.  it  may  be  agreeable  to  the  curious  to  be 
iafbrmed,  that  the  same  experiment  has  succeeded  in  Philadelphia, 
though  made  in  a  diH'erent  and  more  easy  manner,  which  any  one 
■ay  try,  as  follows  : 

Make  a  small  cross,  of  two  light  strips  of  cedar^  the  arms  so 
ong  as  to  reach  to  the  four  corners  of  a  large  thin  silk  handker. 
dnef,  when  extended ;  tie  the  corners  of  the  handkerchief  to  the 
ntremities  of  the  cross,  so  you  have  the  body  of  a  kite,  which 
leiog  properly  accommodated  with  a  tail,  loop,  and  string,  will 
rue  in  the  air  like  those  made  of  paper ;  but  this,  being  of  silk, 
is  fitter  to  bear  the  wet  and  wind  of  a  thunder.gnst  without  tear* 
i^  To  tlie  top  of  the  upright  stick  of  the  cross  is  to  be  fixed  a 
rery  abarp-pointed  wire,  rising  a  foot  or  more  abore  the  wood. 
To  the  end  of  the  twine,  next  the  hand,  is  to  be  tied  a  silk  rib. 
band  ;  and  where  the  twine  and  silk  join,  a  key  may  be  fastened. 

•  See  farther  on  thii  tiitgect,  lection  t,  !• 
▼OL*  IT.  X 
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The  kite  is  to  be  raised  when  a  thunder  gast  appears  to  be  com. 
ing  OB,  and  the  person  who  holds  the  string  must  stand  within  a 
door,  or  window,  or  under  some  cover,  so  that  the  silli  ribband 
nay  not  be  wet ;  and  care  must  be  taken  that  the  twine  does  not 
touch  the  frame  of  the  door  or  window.  As  soon  as  any  of  the 
thunder-clouds  come  orer  the  kite,  the  pointed  wire  will  draw  the 
electric  fire  from  them ;  and  the  kite,  with  all  the  twine,  will  be 
electrified;  and  the  k>08e  filaments  of  the  twine  will  stand  out 
crerjr  way,  and  be  attracted  by  an  approaching  finger. 

When  the  rain  has  wet  the  kite  and  twine,  so  that  it  can  con. 
duct  the  electric  fire  freely,  you  will  find  it  stream  out  plentifully 
from  the  key  on  the  approach  of  your  knuckle.  At  this  key  the 
phial  may  be  charged ;  and  from  electric  fire  thus  obtained  spirits 
may  be  kindled,  and  all  the  other  electrical  experiments  be  per. 
formed,  which  are  usually  done  by  the  help  of  a  rubbed  glass  globe 
or  tube,  and  thus  the  sameness  of  the  electric  matter  with  that  of 
lightning  completely  demonstrated. 

IPhil.  Trans.  1752- 

2.  The  same  subject  continued. 

By  W.Watson,  Esq.  F.R.S. 

After  the  communications  recei?ed  from  sereral  correspondents 
in  different  parts  of  the  continent,  acquainting  us  with  the  success 
of  their  experiments  last  summer,  in  endearouring  to  extract  the 
electricity  from  the  atmosphere  during  a  thunder-storm,  in  conse* 
quence  of  Mr.  Franklin's  hypothesis,  it  may  be  thought  eztraor« 
dinary  that  no  accounts  hare  been  yet  laid  before  the  Society  of 
our  success  here  from  the  same  experiments.  That  no  want  of 
attention  therefore  may  be  attributed  to  those  here,  who  hare  been 
hitherto  conversant  in  these  inquiries,  he  states,  that  though  Ae?eral 
members  of  the  Royal  Society,  as  well  as  himself,  did,  on  the  first 
advices  from  France,  prepare  and  set  up  the  necessary  apparatus 
for  this  purpose,  they  were  defeated  in  their  expectations,  by  the 
uncommon  coolness  and  dampness  of  the  air  here,  during  flit 
whole  summer.  They  had  at  Liondon  only  one  thunder-storm; 
tIz.  on  July  20 ;  and  then  the  thunder  was  accompanied  with 
rain,  so  that  by  wetting  the  apparatus  the  electricity  was  dissipated 
too  soon  to  be  perceived  on  touching  those  parts  of  the  apparatus 
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wbich  serred  to  conduct  it.  This  in  general  presented  rerif/ing 
Mr*  Franklin's  hypothesis )  but  Mr.  Canton  was  more  fortunate, 
u  appears  by  the  following  letter  from  him  to  Mr.  Watson,  dat  ed 
from  Spital.sqnare,  July  21,  1752. 

^^  T  had  yesterday,  about  five  in  the  afternoon,  an  opportun  ty 
of  trying  Mr.  Franklin's  experiment  of  extracting  the  electrical 
fire  from  the  clouds ;  and  succeeded  by  means  of  a  tin  tube,  be. 
tween  three  and  four  feet  in  length,  fixed  to  the  top  of  a  ^lass  one, 
of  about  18  inches.  To  the  upper  end  of  the  tin  tube,  which  wai 
not  8o  high  as  a  stack  of  chimneys  on  the  same  house,  I  fastened 
three  needles,  with  some  wire ;  and  to  the  lower  end  was  soldered 
a  tin  coTer  to  keep  the  rain  from  the  glass  tube,  which  was  set 
upright  in  a  block  of  wood.  I  attended  this  apparatus  as  soon 
after  the  thunder  began  as  possible^  but  did  not  find  it  in  the  least 
dectrified,  till  between  the  third  and  fourth  clap ;  when  applying 
mj  knuckle  to  the  edge  of  the  cover,  I  felt  and  heard  an  electrical 
spark ;  and  approaching  it  a  second  time,  I  received  the  spark  at 
the  distance  of  about  half  an  inch,  and  saw  it  distinctly.  This  I 
repeated  four  or  five  times  in  the  space  of  a  minute,  but  the  sparks 
grew  weaker  and  weaker,  and  in  less  than  two  minutes  the  tin 
tube  did  not  appear  to  be  electrified  at  all.  The  rain  continued 
during  the  thunder,  but  was  conbiderably  abated  at  the  time  of 
making  the  experiment." 

Mr*  Wilson  likewise  of  the  Society,  to  whom  we  are  much 
obliged  for  the  trouble  he  has  taken  in  these  pursuits,  had  an 
opportunity  of  verifying  Mr.  Franklin's  hypothesis.  He  informed 
Mr.  W.,  by  a  letter  from  near  Chelmsford,  in  Essex,  dated  Aug. 
13,  1752,  that  on  that  day  about  noon,  he  perceived  several  elec- 
trical maps,  during,  or  rather  at  the  end  of,  a  thunder-storm, 
from  DO  other  apparatus  than  an  iron  curtain- rod,  one  end  of 
which  he  put  into  the  neck  of  a  glass  phial,  and  held  this  phial  in 
his  band.  To  the  other  end  of  the  iron  he  fastened  three  needles 
widi  some  silk.  This  phial,  supporting  the  rod,  he  held  in  one 
hand,  and  drew  snaps  from  the  rod  with  a  finger  of  his  other. 
This  experiment  was  not  made  on  any  eminence,  but  in  the  garden 
of  a  gentleman,  at  whose  house  he  then  was. 

Dr.  Bevis  observed,  at  Mr.  Cave's,  at  St.  John's  gate,  nearly 
the  same  phenomena  as  Mr.  Canton. 

Trifling  as  the  eflfects  here  mentioned  are,  when  compared  with 
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tbote  wUeh  we  luiTe  receiT«d  from  Plris  and  Berlin,  tbej  nre  tiK 
ontj  ones  that  the  last  summer  here  hu  produced ;  end  as  they 
were  made  bj  persons  worthy  of  credit,  they  tend  to  establish  the 
authenticity  of  those  transmitted  from  our  correspondents. 

lid. 


SECTION  III. 

C^midtraiions  to  prevent  Lightning  from  doing  Mischief  to 
great  Work$^  high  Buildings ^  and  large  Magaxinei** 

By  Mr.  Wilson,  F.R.S. 

LoHO  experience,  since  the  discoTcry  by  Dr.  Franklin,  has  now 
established  a  truth  among  philosophers,  that  lightning,  like  the 
electrie  fluid,  passes  more  freely  through  iron,  copper,  and  other 
metals,  than  through  dry  wood,  stone,  or  marble.  Instances  of 
this  tmth  are  innumerable ;  and  to  be  con?tnced  of  it,  we  need 
only  trace  the  late  Ttoleot  effects  of  lightning  on  St.  Bride's  church, 
and  the  houses  in  Essei.street,  &c.  For,  on  examining  these 
buildings,  it  appears  that  there  are  certain  thick  bars  of  iron, 
through  which  the  lightning  has  passed,  without  producing  any 
yisible  effects ;  and,  on  the  contrary,  in  certain  parts  where  the 
junctions  of  those  bars  with  the  stone,  or  wood,  are  made,  there 
the  lightning,  rushing  from  the  iron,  has  broke  the  stone  to  pieces, 
and  shiTered  the  wood*  From  the  like  experience  we  also  learn, 
that  if  the  iron  is  too  slender  for  conducting  the  lightning,  it  is 
either  dashed  into  pieces,  or  exploded  like  gun.powder ;  jost  in 
the  same  manner  as  we  are  able,  by  the  electric  power,  to  break 
and  dissipate  in  rapour  a  very  slender  wire.  Bars  of  metal,  of  a 
proper  thickness,  and  conveniently  disposed,  seem  therefore  neces. 
sary  for  the  security  of  such  buildings. 

It  is  to  be  noted,  that  the  mischiefs  caused  by  lightning  are  not 
always  owing  to  its  direction  from  the  clouds  to  the  buildings,  or 
other  eminences,  and  thence  to  the  earth ;  but  sometimes,  on  the 
contrary,  from  the  earth,  buildings,  and  other  eminences,  to  the 
clouds.  For  the  principle  on  which  its  direction  depends,  appears 
to  arise  from  the  restoration  of  a  certain  equilibrium,  in  a  subtile 

*  See  fiurtber  on  this  sa^ject,  tbe  artlclet  in  Section  r. 


uoBTKiiia  FmoM  Domo  M is«BisF.        aofll 

tad  «iutic  inid,  pr^rionslf  diatarbed  by  variovt  canfet.    Now^ 

aeeoidlag  to  Um  lawi  of  elastic  llaidt,  tlie  eiideftYotir  to  reitoro 

tfit  oqoillbriiiin  of  tiicb  •  floid,  will  be  in  tbat  direction  wbere  tbo 

mifltaneo  lo  its  paaiage  bappens  to  be  tbe  least.    On  tbis  prhidplo 

we  tberefore  tee  a  necessity,  eitber  to  open  a  passage  for  it  to  fe 

freely  tbroogb,  bj  placing  certain  bars  of  metal  properly,  or  to 

stop  tbe  passage  of  the  fluid  through  such  buildings  entirely;     Tbo 

last  method  would  be  dangerous  to  put  in  practice ;  because,  if 

high  buildings  were  so  secured,  the  lightning  would  then  attack 

the  lower  buildings,  which  are  far  more  numerous,  and  probably 

would  destroy  a  greater  number  of  people,  cattle,  &c.     Whereas, 

if  tbo  first  method  is  preferred,  the  high  buildings  will  then  tend 

to  protect  the  lower  ones  more  effectually ;  and  may  with  pro* 

priety  be  considered  as  so  many  pipes  to  carry  off  the  llgbtning 

fuieCly,  either  from  the  earth  to  the  clouds,  or  from  the  clouds  ta 

the  earth.    And  that  aoTeral  proper  condocton  are  necessary  to 

cany  off  the  lightning,  more  readily  than  some  of  the  accidental 

or  partial  conductors  in  a  large  town  are  capable  of,  appears  from 

tbis ;  that  we  are  able  to  collect  small  quantities  of  the  electric 

fluid,  witb  a  slender  apparatus  in  our  hands  only;  whilst  it  is 

esposed  in  the  street,  garden,  or  other  open  place,  during  tho 

horering  of  such  clouds  as  occasion  riolent  lightning. 

Fro«  repeated  observations  of  tbis  kind,  there  is  reason  to 
believe,  that  the  quantity  of  lightning  at  particular  times,  is  so  Tery 
great,  tbat  it  would  be  dangerous  to  inyite  it  to  any  buildings,  and 
tbat  nnn^cessarily,  in  the  most  powerful  manner  we  are  able ;  by 
laffering  the  sereral  conductors  to  end  in  a  point  at  the  top.  On 
whick  account  it  is  apprehended,  that  pointed  bars,  or  rods,  of 
metal,  ought  always  to  be  avoided.  And  as  tbe  lightning  mast 
visit  us  some  way  or  other,  from  necessity,  to  restore  the  equili» 
hriom,  there  can  be  no  reason  to  invite  it  at  all ;  but,  on  the  con* 
trary,  w  hen  it  happens  to  attack  our  buildings,  we  ought  only  so 
to  contrive  our  apparatus,  as  to  be  able  to  carry  the  lightning  away 
again  by  such  suitable  conductors,  properly  fixed,  as  will  Ytrj 
little.  If  at  all,  promote  any  increase  of  its  quantity. 

To  attain  which  desirable  end,  in  some  degree  at  least,  it  is 
proposed,  that  the  several  buildings  remain  as  they  are  at  the  top ; 
that  is,  without  having  any  metal  above  them,  either  pointed  or 
aot,  by  way  of  a  conductor.     On  the  inside  of  the  highest  part  of 
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Iich  building,  and  wkfain  a  foist  or  two  oC  the  top,  it.maj  be  pro. 
per  to  fii  a  rounded  bar  of  metal,  and  to  continue  it  down  aleog 
tbe  ride  of  the  wall  to  any  kind  of  moisiare  in  the  ground.  But 
II  the  boilding  happens  to  be  mounted  with  an  iron  spindle,  for 
ittpporting  a  rane,  or  other  ornament,  and  it  should  not  be  oca  re* 
Blent  to  have  it  (aken  away,  then  the  bar  of  metal  ought  to  com. 
»unica(e  with  that  spindle.  And  as  to  tbe  diameter  of  suek  a 
metal  bar,  it  will  probably  depend  on  the  height  of  the  building ; 
for  it  is  apprehended  tbe  great  church  of  St.  Paul's,  to  complete 
the  partial  conductors  (which  are  the  metallic  cross,  ball,  gallery, 
dome,  Sic.)  and  secure  it  effectually,  would  require  a  bar  of  metal 
two  inches  diameter,  if  not  more ;  and  a  building  like  the  British 
Museum,  one  considerably  less.  But  it  appears  there  is  no  occa. 
lion  for  any  at  that  repository,  as  it  is  already  provided,  though 
Ironi  accident,  like  many  other  buildings,  with  very  effectual  coo. 
doctors.  The  copings  of  the  roof,  and  the  several  spouts,  which 
are  oontioued  from  it  into  the  ground,  being  all  of  lead. 

That  conductors  ought  to  be  thicker  than  is  generally  imagiaed, 
seems  to  appear  from  a  late  instance  taken  notice  of  in  St.  Bride's 
church,  by  Mr.  Delaval,  and  Dr.  Watson,  where  an  iron  bar,  S^ 
inches  broad,  and  half  an  inch  thick,  or  more,  was  bent  and 
broken  asunder  by  the  violence  of  the  lightning.  The  Eddystone 
Lighthouse,  which  stands  on  a  rock,  surrounded  by  the  sea,  the 
work  of  Mr.  Smeaton,  was  thought  to  be  an  object  very  likely  to 
suffer  by  lightning  ;  and  the  more  so,  as  the  top  of  it  consisted  of 
a  copper  ball,  two  feet  in  diameter,  with  a  chimney  of  the  sane 
metal,  passing  through  it  down  to  the  second  floor,  but  no  farther. 
Directions  were  therefore  given  lo  make  a  communication  of  metal 
from  the  lowest  part  of  the  copper  chimney  down  to  the  sea; 
which  was  executed  accordingly  about  the  year  1760,  or  soon 
after  the  building  was  finished.  Now  if,  instead  of  tbe  copper 
ball,  a  pointed  bar  of  metal  had  been  put  in  its  place,  or  above  it, 
and  communicated  with  the  conducting  matter  below,  there  b  no 
saying  what  might  be  the  consequence  of  so  powerful  an  invitation, 
to  an  edifice  thus  particularly  situated. 

Since  the  former  part  of  this  paper  was  communicated  to  tbe 
R.  S.,  that  is,  on  the  6th  of  August,  1764,  I  received  the  follow, 
ing  account  from  Captain  Dibden,  commander  of  a  merchant  ship, 
who  says,  that  in  the  year  1759,  he  was  taken  by  the  French,  and 
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carried  prisoner  to  Fort  Royal,  ia  Martuiico.  Thai  ia  reno?ia( 
hia  thraoe  some  time  after,  and  on  foot,  to  St«  Pierre,  wbich  i 
about  twenty  miles,  hit  condnctors,  or  guard,  stopped  at  a  sroaU 
chapel,  fife  miles  from  the  last  place,  to  shelter  themseWes  from 
the  heavy  rain  which  fell  during  a  violent  thunder-stornu  That 
the  chapel  had  no  steeple  or  tower  belonging  to  it,  but  stood  oo  aa 
eminence,  with  three  or  four  poor  low  houses  near  it*  That  sooa 
after  they  were  thus  sheltered,  a  violent  flash  of  lightning  struck 
two  soldiers  dead,  who  had  been  leaning  against  the  wall  of  tho 
dmpei,  between  two  buttresses,  and  not  far  from  the  rest  of  the 
company,  being  all  on  the  leeward  side  of  the  chapeU  That  it 
made  an  opening  in  the  wall  about  four  feet  high,  and  about  three 
fcei  broad,  and  in  that  part  only  against  which  they  rested. 

That  Captain  Dibden,  aloog  with  other  persons,  entered  at  this 
hole  Immediately  after,  to  see  if  any  other  damage  had  been  done 
to  Che  chapel.  That  they  observed  a  square  bar  of  iron  near  the 
hole,  and  on  the  ground,  about  four  feet  long,  and  1^  inches  thick, 
making  an  angle  with  the  wall,  as  they  suppose,  to  support  the 
apper  part  of  an  inclined  tombstone,  which  was  also  thrown  down 
and  broken  to  pieces.  That  this  bar  was  joined  in  the  middle  to 
one  end  of  another  bar,  about  one  foot  long,  and  one  inch  thick, 
which  laid  horizontally,  and,  passing  to  the  wall,  had  been  there 
fastened  with  lead.  That  the  lightning,  in  rushing  along  the  In- 
clined bar,  had  wasted  or  reduced  its  thickness  in  some  places  very 
considerably,  insomuch  that  it  looked  like  a  burnt  poker  which 
had  been  long  used  ;  and  broke  the  bar  into  two  pieces,  about  an 
inch  above  the  joining  of  the  lesser  bar,  the  ends  of  which  had  a 
burnt  flaky  appearance.  That  the  other  parts  of  the  bar  were 
changed  in  colour  to  a  grey,  or  whitish  hue,  resembling  iron  after 
it  has  been  exposed  to  a  violent  heat  and  then  suflered  to  cool. 
That  the  horizontal  bar  had  also  undergone  an  extraordinary 
change  by  the  lightning,  but  particularly  at  that  end  next  the  wall 
of  the  chapel,  it  l^ing  reduced  from  one  inch  in  diameter  to  the 
•ice  of  a  slender  wire,  but  tapering  towards  the  wall.  That  when 
the  soldiers  rested  against  the  wall,  their  heads  were  about  the 
Mme  height  with  the  shortest  bar;  and,  from  what  he  can  recol- 
lect, were  very  near  being  opposite  to  that  end  which  was  inserted 
in  the  wall.  That  the  two  soldiers  were  forced  from  the  wall  at 
4he  sane  instant  by  the  lightning ;  so  that  their  feet,  which  were 
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\we  yird  or  more  from  it,  were  neerert  to  tbe  will,  and  tiwir 
Keada  the  farthest  off.  That  their  flesh  appeared  yery  blade.  Ttat 
their  clothes  were  bamt  and  scorched  Id  many-parts^  and  thdr 
belts  shrirelled  up,  as  if  they  haid  been  exposed  to  a  lar^e  fire. 
Hat  Captain  Dibden,  and  other  people,  felt  a  disagreeable  kind 
of  an  electric  shock,  at  the  same  instant  that  the  soldiers  were 
killed. 

Captain  Dibden  gaTe  an  account  also,  that  he  was  lately  at  Vir. 
ginia,  1703  ;  that  the  inhabitants  of  Norfolk  had  changed  their 
opinions  in  respect  to  fixing  of  wires  and  small  rods  of  Iron  on  the 
(ops  of  their  houses ;  from  the  frequent  instances  they  baye  latsly 
had  of  their  being  melted,  or  destroyed,  by  the  Tiolenee  of  the 
lightning :  and  that  now  they  adopted,  in  their  stead,  rods  of  iron 
from  half  an  inch  thick  to  three.fourths  of  an  inch  thick,  or  more. 
That  those  rods  ended  in  a  point  at  the  top,  and  extended  from 
three  feet  abore  their  houses  down  to  the  ground ;  and  that  amiiy 
houses  had  one  of  these  conducting  irons  at  each  end.  The  Capt 
added,  that  though  the  pine  trees  are  considerably  higher  than  the 
oaks  in  the  American  woods,  yet  the  oaks  are  the  oftenest  attacked 
by  the  lightning :  and  that  he  does  not  remember  any  oaks  grow, 
log  among  the  pine  trees,  when  the  latter  have  suffered  by  light, 
ning,  which  must  be  owing  to  the  greater  resistance  arising  from 
the  unctuous  nature  of  the  pine  trees. 

[Phil.  Trans.  1764. 

SECTION   IV. 

Thunder-storms  remarkable  from  their  violence^  or  ihepecu* 

liarity  of  their  effects. 


1.  Strange  effect  of  Thunder  and  Lightning  on  Wheat  and 

Rye  in  the  Granaries  of  Dantzic. 

By  M.  Christopher  Kirby. 

You  doubtless  know  how  much  this  city  is  famed  for  its  nnme. 
rous  and  convenient  granaries,  it  being  tbe  repository  of  all  sorts 
of  grain  the  fruitful  kingdom  of  Poland  affords.  In  those  grana- 
ries are  laid  up  chiefly  wheat  and  rye,  in  parcels  of  twenty  to 
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thtrtjT  aod  siitj  lasts  io  ooe  chamber,  tcoordiog  to  itt  tiie,  and 

tfce  drynesf  of  the  corn ;  which  they  turn  ofer  three,  four,  fi?e, 

ifar  times  a  week,  as  need  requires,  to  kt^ep  it  sweet  and  fit  for 

ibtpping.     Now  it  haj^ened,  that  about  the  latter  end  of  March 

sod  April  last,  we  had  much  and  ? iolent  thunder  and  lightni%, 

which  had  this  unhappy  effect  on  all  the  parcels  of  wheat  and  ry 

of  the  last  year's  growth,  that,  though  over  night  they  were  dry, 

fweet,  and  fit  for  shipping,  the  next  morning  they  had  lost  all 

these  good  qualities,  and  were  become  clammy  and  stinking,  and 

ooDseqoently  unfit  to  be  shipped  away  for  the  present ;  so  that  the 

owners  were  forced  to  cause  it  to  be  turned  over  two  or  throe 

timot  a  day,  and  yet  it  required  six  weeks,  if  not  longer,  before 

it  was  recovered. 

This  is  a  thing  which  often  happens  to  com  that  has  not  lain  in 
the  granary  a  whole  year,  or  not  sweat  thoroughly  in  the  straw 
before  it  be  thrashed  out.  An  accident  little  noted,  yet  in  my 
jadgment  worth  the  enquiring  into;  for,  though  the  alterations 
caused  by  thunder  in  liquors,  be  taken  notice  of,  and  probable 
reasons  given  for  them,  yet  I  judge  this  somewhat  more  abstrase, 
and  therefore  more  worth  while  to  be  considered. 

IPhil.  Trans.  1673. 

9.  Extraordinary  Thunder^Storm  near  Aberdeen. 

In  a  letter  to  Dr.  Georf^e  Garden. 

Tuis  happened  July  34,  1696.  The  day  was  clear  and  plea, 
cant,  till  about  half  past  three,  afternoon,  when  some  rain  fell ; 
then  two  claps  of  thunder,  rather  moderate;  then  fell  a  heavy 
shower  of  hail,  accompanied  with  a  third  clap  of  thunder,  very 
tremendous,  attended  with  great  damage  to  the  houses  and  people. 
In  a  school  were  the  master  and  fifteen  boys ;  the  building  was 
perforated  and  shattered  in  several  places,  illumined  as  with  a 
strong  and  sudden  fire,  attended  with  a  suffocating  and  sulphu* 
reous  smell  and  dark  smoke.  The  persons  were  all  either  struck 
down,  or  badly  wounded  and  bruised.  Four  were  killed  out. 
right,  the  rest  recovered  in  due  time.  In  the  parts  where  they 
were  struck,  which  was  chiefly  about  the  shoulders,  the  flesh  was 
much  discoloured,  and  the  clothes  there  cut  or  perforated,  to  ap- 
pearance as  if  eaten  by  rats.  [/d.  1(^96. 
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3.  Thunder-storm  near  Halifax,  December  22y  1608 :  fatal  to  a 

young  man. 

By  Balpb  Tboreiby,  Esq.  F.R.8. 

TeremiabSkeltODyOf  Warley,  near  Halifax,  Yorkshire,  observiog 
a  Sturm  coming,  hastened  lo  gather  in  some  of  the  corn  which  was 
out  at  a  farm  of  his  father's  in  the  Cold  Edge,  about  a  quarter  of  a 
mile  from  their  own  dwelling ;  while  at  this  work,  bringing  in  bur- 
den and  casting  it  upon  the  barn-floor,  the  tempest  began  as  be 
came  forth  again ;  whereupon  he  stepped  aside  for  shelter  within 
the  barn  door,  and  while  there,  was  struck  with  a  dreadful  flash  of 
fire.  The  young  man  was  a  sad  spectacle,  being  beaten  down,  quite 
dead,  and  many  stones  about  him  ;  he  was  laid  upon  his  face,  wholly 
naked,  safe  a  small  part  of  his  shirt  about  his  neck,  and  a  piece  of 
a  stocking  on  one  foot,  and  so  much  of  a  coat-slee? e  as  covered  the 
wrist  of  one  arm  ;  his  shoes  driven  from  his  feet,  one  not  to  be 
found,  and  the  other  split ;  his  hat  not  to  be  found  after  search, 
and  the  rest  of  his  garments  torn  iuto  small  shreds,  and  cast  at 
considerable  distances,  one  piece  from  another ;  the  hair  of  his  head 
and  beard  singed,  as  if  with  a  candle^  and  a  little  hole  below  his 
left  eye,  which  was  probably  made  with  the  fall  upon  a  stone,  for 
there  was  a  great  breach  made  on  the  barn,  the  door  tops,  both  of 
stone,  broken,  and  the  wall  above  them  fallen,  with  the  slate  and 
water.tables. 

[W. 

4.  Singular  effects  of  a  Storm  on  a  House  and  its  Furniture^ 

at  New  Forge,  Ireland. 

By  Samuel  Molyneaux,  Esq.  S.  Phil.  Sue.  Dubl. 

Mrs.  Close  gave  Mr.  Molyneaux  the  following  account  of  the 
effects  of  thunder  and  lightning,  on  her  house  at  New  Forge,  in  the 
county  of  Down,  in  Ireland,  on  Aug.  9,  1707  :  she  observed,  that 
the  whole  day  was  close,  hot,  and  sultry,  with  little  or  oo  wind  stir- 
ring, till  towards  the  evening;  that  there  was  a  small  breeze  with 
some  mizzling  rain,  which  lasted  about  an  hour ;  that  as  the  air 
darkened  after  sun-set,  she  saw  several  faint  Hashes  of  lightning, 
and  heard  some  thunder  claps,  as  at  a  distance  ;  that  between  ten 
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aod  eWren  o'clock  both  were  Tery  violent  aod  terrible,  and  so  in. 
craued,  and  camt  on  more  frequentlj  until  a  little  before  twelve 
o'clock  ;  that  one  flash  of  lightning  and  clap  of  thunder  came  both 
St  the  same  time,  louder  and  more  dreadful  than  all  the  rest, 
wiiich,  as  she  thought,  shook  and  inflamed  the  whole  house ;  ayd 
biiiig  sensible  at  that  instant  of  a  violent  strong  sulphureous  smell 
1b  ber  chamber,  and  feeling  a  thick  gross  dust  falling  on  her  hands 
Md  face  as  she  lay  in  bed,  she  concluded  that  part  of  her  house  was 
thrown  down  by  the  thunder,  or  set  on  fire  by  the  lightning ;  that 
irniDg  is  this  fright,  she  called  up  her  family,  and  candles  being 
l^lited,  she  found  her  bed-chamber,  and  the  kitchen  beneath  it,  full 
Bf  smoke  and  dust ;  and  the  looking-glass  in  her  chamber  was 
token. 

The  neit  day  she  found  that  part  of  the  cornish  of  the  chimney^ 
tkich  atood  without  that  gabeUend  of  the  house  where  her  cham- 
^  wail  bad  been  struck  ofi* ;  that  part  of  the  coping  of  the  splay 
iC  the  gabeUend  itself  was  broken  down,  and  twelve  or  sixteen  of 
Iht  shingles  on  the  adjoining  roof  were  raised  or  ruffled,  but  none 
ifaattered  or  carried  away  ;  that  part  of  the  ceiling  in  her  chamber 
iMBMth  those  shingles  was  forced  down,  and  part  of  the  plaster  and 
pinning  stones  of  the  adjoining  wall,  was  also  broken  off  and 
loosened,  the  whole  breach  being  sixteen  or  twenty  inches  broad : 
that  at  this  place  there  was  left  on  the  wall  a  smutted  scar  or  trace, 
IS  if  blacked  by  the  smoke  of  a  candle,  which  pointed  downwards 
towards  another  place  on  the  same  wall,  where  a  like  breach  was 
made,  partly  behind  the  place  of  the  looking-glass ;  that  the  boards 
on  the  back  of  a  large  hair  trunk,  full  of  linen,  standing  beneath 
the  looking-glass,  were  forced  in,  and  splintered  as  if  by  the  blow 
of  a  smithes  sledge  ;  that  two- thirds  of  the  linen  within  this  trunk 
were  pierced  or  cut  through,  the  cut  appearing  of  a  quadrangular 
figure,  and  between  two  or  three  inches  over ;  that  one  end  of  the 
tinnk  was  forced  out,  as  the  back  was  driven  in ;  that  at  about 
two  feet  distance  from  the  end  of  the  trunk,  where  the  floor  and  the 
dde»wall  of  the  house  joined,  thece  was  a  small  breach  made  in  the 
plaster,  where  a  small  chink  or  crevice  was  to  be  seen  between 
(fce  tide  board  of  the  floor  and  the  wall,  so  wide  that  a  man  could 
thnut  his  fingers  down  ;  and  that  just  beneath  this,  in  the  kitchen, 
t^  ceiling  was  forced  down,  and  some  of  the  plaster  of  the  wall 
broken  off;  that  eiactly  under  this  there  stood  a  large  tub  or  vessel 
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of  wood,  inclosed  with  t  crib  of  brick  and  line,  which  was  Imikeo 
and  splintered  all  to  pieces,  and  most  of  the  brick  and  lime.work 
about  it  scattered  about  the  kitchen. 

I  observed  that  the  looking-glass  was  broken  with  such  violence, 
that  there  was  not  a  piece  of  it  to  b«  found  of  the  sise  of  a  half 
crown  ;  that  several  pieces  of  it  wore  sticking  like  hail-shot  in  the 
chamber  door,  which  was  oak,  and  on  the  other  side  of  the  room ; 
that  several  of  the  edges  and  corners  of  some  of  the  pieces  of  tho 
broken  glass  were  tinged  of  a  light  flame  colour,  as  if  heated  in  tht 
fire ;  that  the  curtains  of  the  bed  were  cat  in  several  places,  sap. 
posed  to  be  done  bj  the  pieces  of  the  glass ;  that  several  pieces  of 
nraslin  and  wearing  linen,  left  on  the  large  hair  trunk,  were  thrown 
about  the  room,  no  way  singed  or  scorched  ;  and  yet  the  hair  on 
the  back  of  the  trunk,  where  the  breach  was  made,  was  singed; 
that  the  uppermost  part  of  the  linen  within  the  trunk  was  not 
touched,  and  the  lowermost  parcel,  consisting  of  more  than  350 
ply  of  linen,  was  pierced  through,  of  which  none  was  anywise 
smutted,  except  the  uppermost  ply  of  a  tablecloth  that  lay  over  ad 
the  rest;  that  there  was  a  yellow  tioge  or  stain,  perceivable  on 
some  part  of  the  damaged  linen,  and  that  the  whole  smelt  strongly 
of  sulphur ;  that  the  glass  of  two  windows  in  the  bed-chamber 
above,  and  two  windows  in  the  kitchen  below,  was  so  shattered, 
that  there  was  scarcely  one  whole  pane  left  in  any  of  them  ;  that 
the  pewter,  brass,  and  iron  furniture  in  the  kitchf^n  were  thrown 
down,  and  scattered  about,  particularly  a  large  girdle  about  twenty 
pounds  weight,  that  hung  upon  an  iron  hook  near  the  ceiling,  was 
found  lying  on  the  floor ;  that  a  cat  was  found  dead  next  morning 
in  the  kitchen,  with  its  legs  extended  as  in  a  moving  posture,  with 
no  other  sign  of  being  hurt,  than  that  the  fur  was  singed  a  little 
about  the  rump. 

It  was  further  remarkable,  that  the  wall,  both  above  and  below 
a  little  window  in  the  same  gabel>end,  was  so  shattered,  that  the 
light  could  be  seen  through  the  crevices  in  the  wall ;  and  that  upon 
a  large  stone  on  the  outside  of  the  wall,  beneath  this  window,  was 
a  mark,  as  if  made  by  the  stroke  of  a  smith's  sledge,  and  a  splinter 
of  the  stone  was  broken  off,  of  some  pounds  weight.  I  was  further 
informed,  that  from  the  time  of  that  great  thunder-clap,  both  the 
tiiunder  and  lightning  diminished  gradually,  so  that  In  an  hoar's 
time  all  was  still  and  quiet  again.  [lA  1706. 


THUNOEm-tTOBMt.  317 

i.  St^rm  tti  SamfQrdmCourtneif  in  Devomhire^  Oct.  7,  1711, 
producing  great  damage  to  the  Church. 

By  John  Chanbfrlayoe,  Esq.  F.RJ5. 

In  the  parish  of  Safnford.Coiirtney9  near  Oakhampton  in  DeTOB| 
oa  tbt  7th  of  October^  about  three  or  four  o'clock  in  the  afternoon, 
tbare  was  a  great  darkofss  as  the  minister  was  catechising  tho 
cMldrea»  so  that  he  could  hardly  see  irith  spectacles:  sereral 
people  being  in  the  church  porch,  of  a  sodden  a  great  fire- hall  fell 
is  aaong  them,  and  threw  them  some  one  waj,  some  another ;  hot 
10  one  was  hnrt.  The  ringers  In  the  belfrey  said,  they  nerer  knew 
Iha  beiis  go  so  heavy,  and  were  obliged  to  leave  off:  and  being 
vtrjr  weary,  and  looking  out  of  the  belfrey  into  the  church,  they 
law  fear  fire.balls  a  little  larger  than  a  man's  fist,  which  of  a  sud* 
deo  broke  to  pieces  ;  so  that  the  church  was  full  of  fire  and  smoke. 
One  man  received  a  blow  in  the  neck,  which  caused  him  to  bleed 
Mk  at  nose  and  mouth.  He  says,  that  the  fire  and  smoke  want 
sp  into  the  tower,  and  broke  a  large  beam  on  which  one  of  the 
bells  hnng,  and  the  gudgeon  breaking,  the  bell  fell  on  the  floor.  It 
likewise  carried  away  one  of  the  pinnacles  of  the  tower  next  the 
town,  and  threw  some  of  the  stones  near  a  barn  door  at  a  pretty 
distanee  from  the  church,  and  has  done  some  damage  to  the  bam 
at  one  end.  The  chimney  of  the  house  was  removed  in  such  a  mai»» 
ner,  by  the  tliunder  and  lightning,  that  the  people  were  surprised 
that  it  continued  to  stand. 

[W.  171«. 

■ 

6.  Effecti  of  Lightning  in  Northamptonshire. 

By  the  Rev.  Jos.  Wasse. 

We  are  told  by  Mr.  Jessop,  in  a  former  number  of  the  Trans- 
actions, that  what  the  common  people  call  fiiiry  circles,  are  occa* 
sioocd  by  lightning ;  but  I  think  it  has  not  yet  been  observed,  that 
they  continue  visible  fifty  years,  and  that  no  composition  of  use  la 
fire*works  will  produce  near  so  lasting  an  efiect  as  I  have  expe« 
rieaced.  There  seems  to  be  something  here,  which  salphor  and 
idtre  will  hardly  account  for.  Does  It  depend  on  the  great  quan* 
tlty  of  the  matter  discharged,  or  the  violence  with  which  It  b  im- 
paled ?  Tha  ground  is  nowise  torn  np,  and  the  grass  Isonly  a  little 
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blasted ;  whence  it  would  seem  ttt  force  is  neerljr  gpent :  wbereu, 
when  the  burst  is  near  ns,  the  effect  is  like  that  of  a  petard,  as  ap. 
pears  from  the  following  instance. 

At  Mixbury,  on  July  3,  one  William  Hall,  about  sixty  years  of 
age,  was  found  dead  in  a  hard  grareily  field,  with  fi^e  sheep,  which 
lay  round  him  at  about  thirty  yards  distance  ;  of  which  that  only 
which  lay  nearest  him  had  a  yisible  wound  through  the  head.  The 
shepherd  lay  partly  on  his  side ;  the  upper  part  of  his  head  was  ter« 
ribly  fractured,  and  his  right  knee  was  out  of  joint ;  he  had  a 
wound  in  the  sole  of  his  foot,  towards  the  heel ;  his  right  ear  was 
cut  off,  and  beaten  into  his  skull,  and  blood  flowed  out  of  that  part 
upon  the  ground.  All  his  clothes  and  shirt  were  torn  into  fnall 
pieces,  and  hung  about  him ;  but  from  the  girdle  downwards 
they  were  carried  away  entirely,  and  scattered  up  and  down  the 
fields  particularly  the  soles  of  a  pair  of  new  strong  shoes  were  rent 
off.  His  hat  was  torn  to  pieces,  a  hand.breadth  of  it  was  full  of 
irregular  slits,  and  in  some  few  places  cut  as  if  with  a  Tery  sharp 
penknife,  and  a  little  singed  in  the  upper  part.  His  beard  and  the 
hair  of  his  head  were  mostly  close  burnt  off.  The  iron  buckle  of 
his  belt  was  thrown  forty  yards  off,  and  a  knife  in  the  right  side 
pocket  of  his  breeches  was  broken  in  pieces,  not  melted,  and  the 
handle  split.  Near  his  feet  were  two  round  holes,  about  a  yard 
deep,  and  fire  inches  diameter,  like  the  perforation  of  a  mortar 
shell  fired  perpendicularly  upwards,  when  it  falls  down  again. 
About  the  time  this  accident  happened,  a  tradesman  of  the  town 
observed  a  sort  of  fire.ball,  as  large  as  a  man's  head,  to  burst  in  four 
pieces  near  the  church.  Two  persons  at  Aynho  were  a  little  hurt 
at  the  same  time,  and  one  them  struck  down  to  the  ground,  who 
says,  he  thought  he  was  knocked  down  with  a  beetle.  Mr.  Wasse 
himself  heard  the  hiss  of  a  ball  of  fire,  almost  as  large  as  the 
moon,  which  flew  over  his  garden  from  S.E.  to  N.W. 

Both  the  abovementioned  holes  were  almost  perpendicular  for 
half  a  yard,  and  after  that  grew  narrower :  in  both  of  them,  the 
matter  divided  into  two  parts,  and  formed  horizontal  cavities  abovt 
three  inches  diameter.  In  one  was  found  a  very  hard  glazed  stone, 
of  about  ten  inches  long,  six  wide,  and  four  in  thickness,  cracked 
in  two  ;  others  it  could  not  pierce,  but  was  turned  here  and  there 
out  of  its  course,  but  left  not  the  least  blackness,  or  other  disco* 
louring  any  where.     As  to  the  knife,  it  was  not  the  blade  but  the 
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iuiidle  and  tbt  hinge  whidi  were  ihiirervd  in  piecee.    Near  the 
woonded  sheep,  the  ground  was  torn  up  near  two  yards  rovnd. 

One  James  Marshal  of  the  same  town  said,  tliat  io  the  middle  of 
the  same  storm  he  received  a  blow  on  his  hat,  which  rattled  like 
shot  through  the  branches  of  a  tree ;  it  beat  in  the  crown  a  little, 
without  penetrating  it :  he  staggered,  and  was  giddy  for  two  days 
afterwards.  Two  of  his  sons  were  at  the  same  instant  both  struck 
down  to  the  ground,  and  stunned  a  little,  but  presently  came  to 
themselTes,  and  had  no  wound.  Query,  whether  this  may  not  be 
accounted  for,  by  supposing  the  flame  to  rarefy  the  air,  and  make 
a  sort  of  yacuum  about  one,  into  which  when  it  returns  again,  it 
gifes  the  likeness  of  a  stroke  with  a  beetle,  as  he  expressed  it.  Per. 
haps  a  wind.gun,  with  compressed  air,  would  hare  the  same  effect, 
and  might  easily  be  tried  on  a  dog,  or  such  like  animal. 

lid.  1726. 

7.  Great  Mischief  to  a  Household  in  Carmarthenshire » 

By  Mr.  Evan  Danes. 

December  6,  172Q,  in  the  afternoon,  there  happened  terrible 
thunder  and  lightning,  which  alarmed  the  whole  neighbourhood : 
and  about  four  o'clock,  as  a  woman  was  carrying  a  pail  of  water 
into  the  house,  there  broke  such  a  violent  clap  of  thunder,  that  she 
and  three  of  her  children  were  lery  surprisingly  struck,  and  in- 
stantly  depriyed  of  their  senses,  so  that  they  lay  miserable  monu- 
ments of  the  terrible  shock  ;  and  it  seems  they  lay  weltering  in 
their  blood,  before  they  recovered  and  were  able  to  creep  to  the 
bed,  till  the  next  neighbour  happened  to  come  in  (the  husband 
being  then  abroad  at  his  day-labour)  to  assist  them.  The  lightning 
it  seems  struck  at  the  east  end,  near  the  foundation,  into  the 
heartii,  and  split  in  two  a  thick  stone  of  about  half  a  yard  in 
breadth  beyond  the  fire,  and  shattered  one  half  into  small  splinters^ 
which  shot  into  the  flesh,  and  did  the  most  hurt.  About  twenty- 
four  or  more  of  those  stones  were,  from  time  to  time,  taken  out  of 
ihdr  wounds.  It  appears,  that  afterwards  it  forced  its  way  out 
throogh  the  wall  on  the  south  side,  within  the  compass  of  the 
hearth,  where  it  made  a  terrible  breach  from  top  to  bottom,  and 
fcmored  the  stones  from  the  foundations,  making  a  deep  hole  per. 
pendicnlar  in  the  earth,  that  one  might  thrust  in  a  staff  to  the  top. 
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The  partitions  in  the  house  were  moired  oat  of  their  place ;  nnd  a 
chest  foil  of  com  forced  down  towards  the  door,  some  yards  from 
the  place  where  it  stood.  The  backet  the  woman  had  In  her  hand, 
and  other  wooden  vessels  in  the  house,  were  all  or  most  of  them 
shattered  ;  dishes  and  spoons,  &c.  blown  off,  and  after  some  days, 
found  and  gathered  in  the  garden,  on  the  north  side  of  the  house, 
split  and  broken  ;  and  many  more  disorders  were  committed. 

The  woman  has  quite  lost  her  left  eye.     She  was  speechless  for 

a  week  or  nine  days^  and  could  not  swallow.     She  has  lately  had 

a  few  stones  come  out  from  the  roof  of  the  mouth,  under  the 

tongue,  and  other  parts  inwardly  :  the  tip  of  her  tongue  was  taken 

off,  by  which  she  is  still  lisping ;  three  of  the  fore  teeth  of  the 

under  jaw  broken,  with  the  lower  lip  slit,  but  now  pretty  well 

healed;  two  of  the  right-hand  fingers  quite  off,  and  the  colour  of 

that  hand  still  like  a  flame  of  fire,  as  if  there  were  yet  remaining 

some  igneous  particles  in  it.  She  has  a  terrible  gash  on  that  shoulder 

between  the  joints,  that  an  egg  might  be  contained  in  it,  besides 

three  or  more  bruises  on  the  arm  down  to  the  wrist,  that  she  is  not 

able  to  lift  it  up,  without  the  help  of  the  other  hand  ;  besides  seve- 

ral  other  wounds  and  bruises,  over  great  part  of  her  body.    A  boy 

had  his  hair  all  singed,  his  face  and  breast  all  scorched  with  blisters 

like  bladders  running  from  the  raw  flesh,  with  several  stones  taken 

out  from  liis  body  and  legs;  and  two  other  small  children  suffered 

greatly ;  so  that  the  wounds  are  reckoned  to  be  thirty  at  least 

between  the  mother  and  children,   and  many  splinters  of  bones 

taken  out  of  thenu    Only  one  girl,  about  ten  years  old,  that  stood 

at   a  distance  next  the  door,  escaped,  having  her  clothes   only 

singed,  but  no  hurt  done  her.     They  smelled  so  strongly  of  the 

sulphur  for  some  days,  that  one  could  hardly  go  near  them.   They 

are  now,  however,  freed  from  any  grievous  pain  to  complain  of; 

so  that  they  go  about. 

[W.  1730. 

S.  Melancholy  and  fatal  Effects  of  a  Storm  near  Ludgvan^  in 

Cornwall. 

By  (he  Rev.  W.  Borlase,  F.R.S.  dated  Feb.  1,  1753. 

This  storm  was  on  December  20  preceding.     The  first  traces  Ib 
tha  parish  of  Maddern,  were  an  incision,  or  scratch,  made  ia  the 
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(orf,  ftboat  three  inches  wide,  aud  two  doep,  where  the  liglitniii:; 

comiDg  up  from  the  south-west,  passing  through  the  bank,  and 

isfujDg  out  from  the  bank  in  three  stn-ams,  which  united  ui^ain,  and 

(omed  away  to  the  north.     About  ten  paces  to  the  north  uf  thi'So 

breaches,   there  .ire  more  marks  uf  the  same  kind,  hul  not  in  thf 

same  direction ;  for  the  Iigh(iiin<T  here  cnnie  from  the  north.weftt, 

and,  passiog  upwards,  the  furrow,  whicli  it  had  made,  gn'w  widt-r, 

iml  somewhat  deeper,  as  it  gained  on  the  hill,  f-siiecially  where  it  met 

with  bank  or  stone  ;  and  some  banks  were  five  feet  wide,   which 

Ittd  their  tops  untouched,  but  were  pierced  through  as  with  a  bullet. 

This  second  furrow  was  (as  ali  the  rest)  not  in  a  straight  line,  but 

in  a  Termicuiar  direction,  and  with  its  turnings  led  to  a  karn,  or 

ledge  of  flat  rocks,  striking  off  many  splinters  from  it,  and  in  some 

placet  making  a  perforation  through  it.    There  were  made  also 

fDrrows  ten  inches  wide,  and  a  foot  deep ;  besides  nhich,  were  se. 

feral  places  in  the  hill  which  had  holes  about  a  foot  wide,  tlnd  six  or 

e^ht  inches  deep,  and  several  clods  cut  thin  and  clear  off  from  the 

gronnd :  which  shows,  that  as  this  lightning  went  like  durt>  through 

hanki  and  «tones,  and  tore  up  tlu>  i^round  in  many  places  like  a 

ploughshare,  so  in  other  places  it  spread  into  a  horizontal  thiik  edgp^ 

which  scooped  up  and  carried  oiFthe  little  unevcnnc-ss  of  the  turfy 

groond.     The  whole  workings  of  this  lightning  weie  in  length 

about  a  furlong  from  west  to  east. 

The  first  thunder.clap  was  succeeded,  in  less  than  a  quarter  of 
an  honr,  by  another,  which  broke  at  a  village,  in  the  parish  of 
GoUvai^  called  Trythol,  about  a  mile  and  a  half  to  the  south. west 
of  Moelfra  hill,  and  was  attended  with  the  following  melancholy 
accidents : 

Thomas  Olivey,  a  respectable  farmer,  had  returned  from  the 
field,  about  a  quarter  before  twelve  o'clock,  and  had  all  his  family 
round  him  in  the  kitchen,  except  his  daughter,  who  was  in  the  hall. 
There  was  a  pan  over  the  fire  in  the  kitchen-chimney,  full  of  boil, 
ing  water.  Tlie  farmer  was  sitting  by  the  fire,  and  his  wife  on  a 
bench  before  it;  their  only  son,  twenty. three  years  of  ng*',  was 
Btandiog  at  the  window,  when  it  lightned  much,  and  the  first  cinp 
of  thunder  followed.  This  was  so  violent  that  the  back  door  of 
the  kitchen,  which  opened  to  the  north,  quivered.  1'he  farmer 
called  to  his  son,  and  desired  him  nut  to  stand  so  near  the  window, 
lest  the  lightniuj;  should  hurt  his  eyes ;  on  which  the  young  man. 

TOl.  IV.  T 
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rtmoTed  from  the  window,  backwards,  iato  (he  corner  of  the  mmd, 

and  sat  down.    The  lightning  came  from  the  we8t.north.wett,  and 

falling  on  the  stack  of  the  kitchen.chimuej,  which  was  about  foar 

feet  square,  and  as  much  in  height,  of  hewed  stone,  carried  it  clear 

off  from  the  house,  and  threw  it  into  a  pool  of  water  twenty  feet 

distant.     In  the  chamber  over  the  kitchen,  directly  beneath  the 

top  of  the  chimnry,  there  was  a  little  closet  boarded  in  ;  all  the 

boards  were  broken  to  pieces,  the  timbers  of  the  roof  shattered ;  as 

^so  the  bedstead  in  that  chamber;  of  the  chamber- partition  two 

planks  were  forced,  a  large  cloaths.press  thrown,,  and  the  south 

windows  of  the  chamber. floor  (excepting  one  casement)  all  brolLen, 

and  blown  out.    From  the  top  of  the  chimney,  and  chamber-floor, 

it  descended  into  the  kitchen  below,  where  the  family  was :  the 

farmer  saw  no  lightning,  nor  heard  any  thunder,  after  the  first 

clap  before  mentioned ;  but  was  struck  senseless  with  the  first 

flash,  and  thrown  into  the  middle  of  the  kitchep,  and  continued 

senseless  for  a  quarter  of  an  hour.     As  soon  as  he  came  to  himself^ 

he  asked,  who  struck  him  ?  but  had  not  the  use  of  his  arms ;  and 

felt  an  aching  pain,  shooting,  as  he  described  it,  into  his  bones  ; 

and  a  brand.iron,  which  hung  in  the  chimney,  being  thrown  down 

into  the  pan  of  water,  on  the  fire,  had  dashed  the  boiling  water 

upon  him  to  that  degree,  that  his  life  was  in  extreme  danger  for 

more  than  a  fortnight  after.     Mrs.  Oli?ey  was  struck  down  before 

the  hearth.     Both  her  shoes,  though  buckled  en  as  usual,  were 

struck  off  her  feet,  but  her  feet  not  hurt ;  and  beiug  neither  burnt 

nor  senseless,  was  able  to  cry  out  for  help,^but  could  not  mote  ;  for 

she  had  no  use  of  her  under,  limbs  for  a  day  and  a  half. 

The  farmer^s  brother  was  at  the  end  of  a  long  table  in  the  same 
room,  and  was  only  flung  against  the  wall,  about  three  feet  distant^ 
not  hurt.  Mrs.  Olirey's  sister  was  near  the  back  door;  a  plank 
of  this  door  was  started,  and  beat  in:  she  was  struck  senseless,  and 
thrown  twelve  feet  ofl^  against  the  settle,  which  stood  against  tho 
south  wall  of  the  house. 

The  famier*s  son  had  his  coat  and  waistcoats  (for  he  had  tWo 
-on)  torn  into  shreds,  so  that  it  could  hardly  be  dbtinguishedwli^ro 
the  pieces  had  formerly  joined  ;  his  shirt  had  a  rent  two  feet  Idikf 
down  the  back,  and  was  scorched  ;  hb  left  shoe  torn  from  his  foot; 
and  the  little  toe  of  that  foot  so  nearly  cut  ofl,  that  it  hung  only  by 
a  bit  of  skin ;  and  he  was  quite  dead.     But  though  rtducid  to  tU^ 
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UiMntable  conditioa}  as  to  hU  exterior,  he  was  not  moved  from  his 
9eat,  nor  his  face  at  all  changed :  his  dog  was  lying  at  his  feet,  dead 
likewise,  but  never  moved. 

The  farmer*8  daughter  received  the  shock  in  the  hall ;  was  struck 
senseless,  but  revi? ud  soon  ;  felt  a  trembling  all  over ;  her  feet 
tickling,  and  partly  benumbed  and  stitT,  as  if  sleeping ;  but  per- 
i:eiviug  in  the  room  a  cloud  of  smoke,  and  hearing  her  mother  cry, 
ihe  made  baste  into  the  kitchen,  which  she  fouud  full  of  smoke 
stinking  like  brimstone.  The  lightning  had  left  a  mark  quite  across 
the  clavel  of  the  kitchen. chimney,  about  half  an  inch  wide,  in  an 
undulating  direction,  broke  through  the  partitions  of  the  under 
floor,  thrown  down  the  shelves,  carried  out  all  the  south  windows, 
forced  up  the  stair- case,  blown  out  the  north  window,  missed  or 
spared  a  clock,  which  stood  close  by  the  window ;  and  being 
somewhat  spent,  when  it  reached  the  hall,  carried  out  the  windows; 
noTod  not  some  Delft  basins,  which  were  in  the  south  window, 
but  forced  the  door  of  a  beaufet,  at  the  end  of  the  hall,  an  inch 
and  a  half  inwards ;  and  shook  the  eastern  wall  of  the  house  to  the 
vtij  fonndation. 

The  clouds  over  Moelfra  hill,  and  the  village  of  Try  thall  (a  space 
•fa  mile  and  a  half)  were  so  heavily  charged  with  lightning,  that 
bare  t|iey  broke,  both  the  first  and  the  second  time,  and  the  thon« 
der-daps  were  within  a  few  minutes  of  each  other,  as  being  pro. 
dMoed  but  by  two  portions  of  one  and  the  same  congeries. 

The  general  tendency  of  this  lightning  was  as  the  direction  of 
the  wind  at  that  time ;  that  is,  from  the  north-west  to  the  east, 
but  where  the  principal  explosions  were,  as  at  the  hill,  and  the 
boive^  many  branches  spread  off  in  aH  directions*  Nor  were  the 
shapes,  in  which  it  operated,  less  different  than  its  motions.  Some. 
tisefl^  as  it  appeared  to  Mr*  B.  at  Ludgvan,  it  was  pointed  as  a 
dart,  in  some  places  edged  as  a  scythe,  now  but  one  thin  sheet  or 
stream^  then  two  or  three,  and  then  one  again*  Now  it  fell  as  se- 
veral separate  balls  of  fire,  but  on  the  house  as  a  large  gush  or 
torrent.  It  was  all  fire,  yet  of  different  powers,  according  to  the 
impregnation  of  its  several  portions.  Subtil  and  penetrating  as  the 
flectrical  fire,  it  affected,  shocked,  and  permeated,  all  the  human 
frame.  Some  parts  of  it  only  scorched  wood,  but  did  not  mell  iron, 
as  with  lightning  is  very  common :  some  tore  the  leather  and 
clothes;  some  cut  and  wounded,  and  some  killed  without  wound 
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or  rent;  and  other  parts  of  this  lightning  again,  upon  stone,  ^omd, 
leather,  clothes,  and  flesh,  only  rushed  and  forced  widi  the  poirer 
of  air  put  into  a  Tiolent  agitation.  All  this  happened  in  this  place, 
and  all  in  an  instant :  and  though  the  clothes  were  somewhat 
singed,  as  well  as  torn,  and  the  joaug  man's  skin  round  his  waist 
was  also  scorched,  yet,  from  the  general  edicts  of  this  lightnrng  in 
both  places,  it  was  rather  swift,  and  irresistibly  piercing,  than  in. 
tlammatory.     The  house   stands  very  high,  without  tree  or  hHl 

near  it. 

[W.  1755. 

9.  Effects  of  Lightning  on  the  Steeple  and  Church  of  Lett- 

withielj  Cornwall, 

By  Mr.  John  Smeaton,  F.R.S. 

January  25,  1^57^  about  fire  o'clock  in  the  erening,  relomfog 
home  from  the  fiddystone  works  near  Plymouth,  IVIr.S.  obsenred 
four  flashes  of  lightning,  within  the  space  of  six  or  seven  minutely 
towards  the  west :  but  heard  no  noise  of  thunder,  distance  about 
thirty  miles.  A  few  days  after,  he  was  informed,  that  the  aania 
ereinng  the  lightning  had  shattered  the  church  of  Lestwithiel  itfa 
Tery  surprising  manner.  At  the  time  before.mentioned,  the  inha- 
bitants were  alarmed  by  a  Yiolent  flash  of  lightning,  accompanied 
with  thunder  so  sudden,  loud,  and  dreadful,  that  every  one  thought 
tlie  house  he  was  in  was  falling  upon  him,  almost  every  one  being 
within  doors^  on  account  of  a  violent  shower  of  rain  which  pre- 
ceded the  lightning  :  so  that  nobody  knew  any  thing  of  the  mis- 
chief  done  to  the  church,  till  it  was  observed  accidentally  after  the 
shower. 

The  steeple  is  carried  up,  plain  and  square,  to  about  forCy-nine 
feet,  with  a  kind  of  sIate*stone  rough-cast  on  the  outside,  on  which 
is  formed  a  very  elegant  octagon  Gothic  lantern,  about  nine  feet 
high,  and  on  it  a  stone  spire  about  fifty-two  feet  high,  with  a  spindle 
and  vane  rising  about  three  feet  above  the  stone :  so  that  the  whole 
together  was  about  113  feet  Each  face  of  the  lantern  finishes 
above  with  a  sort  of  Gothic  pediment,  with  a  little  pinnacle  on  each, 
separated  from  the  body  of  the  spire. 

The  vane  was  much  bruised,  which  might  be  occasioned  by  the 
tall ;  but  the  socket  was  rent  open,  as  if  it  had  been  burst  by  gun* 
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powder;  und  in  socb  a  manner  as  could  not  well  be  occailomed  by 
the  fall.  Under  the  spindle  that  carried  the  fane,  was  a  bar  of 
aaoch  the  same  size  and  length,  that  passed  through  the  centre  of 
soTeral  of  the  uppermost  stones  successively,  to  unite  them  the  more 
firmlj  together,  and  was  run  in  with  lead  :  all  which  surrounding 
"Stones  were  broken  off,  except  one,  which,  together  with  the  bar, 
ftrJI  down  within  the  tower. 

The  shell  of  the  spire  as  far  down  as  thirty- five  feet  from  the  top, 
was  no  more  than  seven  inches  thick,  and  the  courses  about  the 
same  height :  so  that  scarcely  any  one  stone  in  the  spire  could 
weigh  more  than  thirty  or  forty  pounds ;  but  they  were  joined  to. 
gether  at  the  ends  with  mortoise  aud  tenon  in  a  curious  manner. 
Above  twenty  feet  of  the  upper  part  was  entirely  thrown  down, 
and  dispersed  in  all  directions ;  and  some  pieces  were  found  at  the 
distance  of  200  yards.  A  great  many  stones  fell  on  the  roof  of  the 
tbuTch,  breaking  tlie  pews,  and  whatever  they  fell  upon.  Six  feat 
still  lower  the  spire  was  separated,  the  western  half  being  thrown 
down ;  the  eastern  half  was  left  standing,  but  disjointed,  and  in  so 
critical  a  posture,  that  it  seemed  reaclj  to  fall  every  moment :  so 
that  this  was  ordered  to  be  taken  down  immediately,  and  likewise 
to  six  feet  below,  the  work  being  found  remarkably  shattered.  The 
whole  of  the  spire  he  found  much  cracked  and  damaged,  but  the 
remarader  of  the  seven  inch  shell  so  greatly,  that  there  seemed 
scarcely  a  whole  joint. 

The  pediments  over  every  face  of  the  lantern  were  damaged  more 
or  less  ;  but  the  whole  ashlering  of  that  to  the  N.  W.  was  torn  off 
from  the  inner  wall,  to  which  it  was  connected.  Several  of  the  pe. 
diments  were  damaged,  and  even  stones  struck  out,  where  the  little 
pinaades  above  them  were  left  standing. 

About  the  top  of  the  lantern  is  a  bell  for  the  clock  to  strike  oa  : 
it  is  hung  on  a  cross-bar,  with  gudgeons  at  each  end  ;  the  whole 
being  suspended  to  a  beam  laid  across  the  tower.  The  cross-bar 
was  so  bent,  that  the  clock,  hammer  would  not  touch  the  bell  by 
above  two  inches.  This  could  not  be  done  by  the  falling  of  stones, 
because  the  beam  would  defend  the  bell  from  receiving  any  stroke 
in  the  direction  to  which  the  cros^-bar  was  bent.  As  to  the  wire 
duit  drew  the  hammer,  not  one  bit  of  it  could  be  found. 

The  bells,  four  in  number,  for  ringing,  hung  in  the  square  part 
•f  the  tower  balow  the  lantern,  two  above  and  two  below :  the 

t3 
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wheels  of  eveiy  one  were  broken  to  pieces,  and  one  of  tbe  irori 
straps  by  which  thejr  were  fastened  to  the  yoke,  unhooked.  Whe* 
ther  these  accidents  were  occasioned  by  the  lightning  or  the  fkllfng 
stones,  he  leaTes  undetermined.  In  the  floor  under  the  bells  wis 
placed  the  clock,  cased  up  with  slight  boards.  The  verge  that  car- 
ries the  pallets  was  bent  downwards,  as  if  a  ten  pound  weight  had 
failed  ten  feet  high  right  apon  it.  The  crutch  that  lays  hold  of  the 
pendulum,  looked  as  if  it  had  been  cut  off  by  a  blunt  tool,  and 
heated  by  the  blow,  till  it  was  coloured  blue  at  the  place  where  it 
was  cut.  It  turned  at  a  right  angle,  and  might  be  about  -^  of  an 
Inch  broad  by  ^v  thick.  As  to  the  pendulum  which  hung  pretty 
near  the  wall,  the  upper  part  of  the  rod  was  struck  with  such  tIo. 
lence  against  the  wall,  that  a  sharp  impression  of  it  was  made  in 
the  plaster  :  and  near  the  upper  part  of  the  impression  appeared  a 
circular  shady  ring,  of  a  blackish  colour,  something  like  as  if  a  pis- 
tol had  been  discharged  of  powder,  and  the  muzzle  held  near  the 
wall.  In  this  story  several  stones  were  forced  out  of  the  wall.  The 
walls  of  the  belfry  or  tower  wer^  much  damaged ;  several  stones 
driyen  out,  and  perforations  made  in  the  solid  wall,  particularly 
one  of  fourteen  inches  square  and  six  inches  deep,  so  truly  Square 
and  regular,  as  if  cut  out  by  art.  All  the  windows  in  the  chnrd^ 
either  broken  out^  or  bagged  outward. 

[W.  1757. 

10.  Effects  of  Lightning  on  St.  Bride's  Churchy  Fleet  Street  ^y 

June  IS,  1764. 

By  Edward  Delaval,  Esq.  F.R.S. 

The  construction  of  this  spire  is  somewhat  similar  to  that  of  an 
apparatus  purposely  contrived  to  draw  the  lightning  from*the 
clouds,  as  it  runs  up  towards  a  point,  and  ends  in  a  metal  vaiie  and 
Cross,  the  figure  of  which,  as  well  as  the  materials  they  consist  of, 
seem  calculated  to  admit  the  lightning  with  the  least  resistance. 
The  6rst  marks  of  it  are  seen  at  the  top  of  the  copper  cross,  ithich 
is  the  highest  part  of  the  building,  the  gilding  is  by  the  explosion 
partly  torn  off  and  partly  discoloured,  so  as  to  differ  remarkably 

*  The  next  article  in  the  same  Tolame  contains  an  account  of  serious  mischief 
tttsUined  by  various  houses  in  Essex  Street,  Strand  from  the  same  storm. 

Eorroa. 
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irom  ^m  nat  f  f  the  croif  where  the  gildiij^  it  wtrj  well  preferred, 
Soio^  small  pieces  of  solder  are  melted ;  and  all  this  part  appears 
as  if  It  had  been  eipoted  to  the  fire.  The  lightaiog  seems  to  hare 
entered  here,  and  to  hare  been  conducted  thence  bjr  an  iron  spin- 
dle twenty  feet  in  length,  and  two  inches  in  diameter ;  of  which  tea 
feet  were  surrounded  by  the  copper  ball,  vane,  and  cross  ;  and  the^ 
lower  half  was  inclosed  in  a  groove  cut  through  the  middle  of  the* 
solid  stone  which  composed  the  upper  part  of  the  spire,  and  rested 
on  the  lK>ttom  of  that  groove,  which  was  sunk  five  inches  deep  into 
the  lowest  of  those  solid  stones :  this  last. mentioned  stone  being 
three  feet  broad  and  one  deep.  The  interval  between  the  sides  of 
the  spindle  and  the  groove  made  to  receive  it  was  filled  up  by  melt- 
lead  poured  in  between  them. 

The  lightning  accumulated  in  the  metal,  having  its  passage  to- 
wards the  earth  strongly  resisted  at  this  place,  has  in  expanding  it- 
self formed  a  hole,  by  bursting  off  from  the  lower  part  of  the  spin- 
dle the  stones  contiguous  to  it  on  that  side.  At  each  of  the  angles 
of  the  metal,  the  stone  on  which  it  rested  is  cracked,  which  proba* 
bly  was  occasioned  by  the  lightning  issuing  with  greater  freedom 
from  those  parts,  than  from  the  flat  surfoce.  No  part  of  the  spin- 
dle is  in  the  least  injured  by  the  lightning,  notwithstanding  the  great 
quantity  which,  from  its  effects,  appears  to  have  been  accumulated 
in  it*.  From  hence,  as  low  as  to  the  comiche,  it  seems  to  havo 
been  conducted  along  the  surface  of  the  spire,  which  was  wetted  by 
the  rain  that  had  fallen  in  the  morning,  before  the  lightning :  and 
having  been  accumulated  in  the  iron  bars,  in  dbcharging  itself  from 
tiiem,  it  has  made  the  greatest  explosion  at  this  place. 

Under  thb  part  the  freedom  of  its  passage  seems  to  have  been 
hindered  by  all  the  dry  stonework  underneath,  which  was  defended 
from  the  rain  by  the  corniches :  and  it  appears  from  some  experi- 
ments which  i  formerly  madef ,  that  dry  free.stone,  when  warmed 
to  a  certain  degree  (which  probably  does  not  exceed  the  heat  which 
Ae  stones  of  buildings  acquire  in  hot  weather)  resists  the  passage 
of  the  electric  fluid  or  lightning  so  strongly,  that  with  plates  of 

•  lo  the  year  1760  the  stones  surrounding  this  spindle  were  so  m«cb  daoMgei, 
Ifast  tliere  was  a  necessity  of  takiof  them  down  and  rebnildiaf^  that  pert  of  the 
spire.  The  caose  of  this  was  not  known  at  that  time  $  it  is  probablt  that  il 
was  occasioned  in  the  same  manner  as  the  present  accidcnt^«-Orif  • 

f  Phil.  Traas.  abridfed,  Tol.  xi.  p.  SS4. 
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that  stone,  instead  of  glass,  I  performed  the  Leydefi  eiperiroent. 
Under  the  corniche,  the  lightning  descended  only  by  leaping  from 
one  iron  to  another;  and  at  every  leap  its  force  seems  to  hare 
been  weakened,  and  at  least  to  hare  been  quite  dissipated. 

On  examining  the  inside  of  the  steeple,  beginning  from  the  top, 
the  first  effect  of  the  lightning  that  appears  is  a  hole  in  the  stone 
work,  beginning  immediately  above  an  iron  bar  which  served  to 
support  the  top  of  the  window  or  opening,  and  running  upwards 
towards  the  two  cross  iron  bars :  this,  when  viewed  from  the  out- 
side of  the  church,  is  seen  to  have  spread  round  most  of  the  lower 
part  of  the  spire,  so  that  it  seems  in  great  danger  of  falling.  The 
next  stroke  is  about  four  feet  below  :  at  this  p*ace  four  iron  bart 
lie  horizontally  across  the  spire,  and  are  tied  together  bj  c6ain 
bars  which  are  inclosed  in  the  stone  work  :  where  the  end  of  one 
of  the  cross  bars  is  inserted  in  the  stone,  the  lightning  has  burst 
open  a  hole,  and  when  the  same  is  viewed  at  the  outsfde,  a  great 
part  of  the  corniche  appears  to  be  broken  off.  Where  the  two 
iron  bars  serving  to  support  the  top  of  the  windows  meet  and  are 
joined  together,  the  lightning  accumulated  in  them  has  broken  off 
•  the  pier  by  which  they  were  inclosed.  A  bar  of  iron,  which  senr* 
ed  to  support  the  top  of  the  window  in  the  same  manner  as  those 
last  mentioned,  twenty-one  inches  long  clear  of  the  stonework,  and 
half  an  inch  thick,  is  broken  ;  and  the  stones  immediately  above  it 
are  shattered  and  disjointed.  The  sills  of  two  windows  of  this 
story  are  torn  oil*  from  iron  bars  which  lay  beneath  them. 

An  iron  bar,  No.  I,  about  25  inches  long,  was  inclosed  nine 
inches  deep  in  the  stone- work  of  the  pier,  separating  the  east  arch 
from  the  arch  next  it  towards  the  north  :  the  end  of  this  bar  joins 
at  a  ri;;ht  angle  another  bar.  No.  3,  which  is  laid  across  the  arch. 
The  lightning  accumulated  in  the  iron  No.  I,  which  was  inclosed 
in  the  stone.work,  has  burst  otf  all  the  stone  that  surrounded  it, 
and  part  of  the  pier  adjoining.  The  flaw  is  continued  downwards, 
meeting  with  smaller  iron  cramps  in  its  way.  At  the  next  arch, 
lying  immediately  under  the  last  mentioned  one,  an  iron  was  in- 
closed in  the  stone  in  the  same  manner  as  the  bar  at  No.  I  :  the 
stone  is  torn  offfrom  this  iron  exactly  in  the  same  manner  as  at  No. 
1  :  but  the  damage  has  not  reached  much  farther  than  the  stone 
which  was  contiguous  to,  and  covered  this  bar.  At  the  bottom  of 
this  arch  the  sill  stone,  which  covered  some  cramps  of  iron,  is  torn 
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i»ff  from  its  place.  At  the  next  arcli  under  thisy  (he  force  of  the 
lightning  seems  to  have  been  much  diminished|  a  small  part  of  one 
stone  only  being  broken. 

From  the  wall  of  the  west  side  of  the  south  window  of  the  belfrj 
some  stones  were  thrown  down  :  one  chalky  stone  in  particular  is 
redirced  into  an  impalpable  powder,  and  the  wall  under  the  west 
window  is  almost  coTcred  with  the  powder :  this  stroke  seems  to 
have  been  directed  towards  the  bells,  one  of  which  is  Tery  near  the 
place  damaged  :  the  bells  have  not  been  examined  ;  nor  can  they^ 
it  is  said,  without  danger  of  shaking  the  spire  by  their  motion.  This 
is  tke  lowest  mark  which  is  left  of  the  effects  of  the  lightning. 

In  e?ery  part  that  is  damaged,  the  lightning  has  acted  as  an 
'elaidc  fluid,  endeavouring  to  expand  itself  where  it  was  accumu. 
lated  in  the  metal ;  and  the  effects  are  exactly  similar  to  those  which 
would  have  been  produced  by  gunpowder  pent  up  in  the  aame 
places,  and  exploded.  Among  many  other  stones  thrown  to  a  con. 
^erable  distance  by  these  explosions,  one  weighing  above  70 
pounds  was  removed  50  yards  eastward  from  the  steeple,  where  it 
fell  through  the  roof  of -a  house.  It  is  evident  that  these  effects 
would  have  been  prevented,  if  a  sufficiently  large  metallic  condac. 
tor  had  been  extended  from  the  metal  at  the  top  of  the  spire  down 
to  the  earth,  communicating  with  the  other  metallic  parts  of  the 
'building  that  lay  in  its  way.  Such  a  communication  seems  Tery 
necessary  in  buildings  of  this  form.  The  iron  bars  which  were 
fixed  in  the  stone. work  of  the  east  arches,  were  struck  by  the  light- 
ning, while  those  in  the  arches  fronting  them  on  the  west  side  of 
the  same  story  remained  untouched  by  it.  So  that  probably  a  con. 
doctor  communicating  with  the  west  arches  only,  would  not  have 
preserved  the  opposite  ones  from  the  damage  they  have  suffered* 

When  such  building  are  exposed  to  very  large  clouds  replete 
with  lightning,  there  is  no  reason  to  ima^^ine  that  they  will  not  con. 
vey  some  of  their  contents  to  other  metallic  parts  of  the  building  at 
the  samg^ime  as  to  the  metal  at  the  top  :  for  though  the  conductor 
may  be  large  enough  to  convey  to  the  ground,  from  the  top,  all  the 
lightning  that  enters  that  part ;  yet  one  such  small  conductor  can- 
not be  supposed  to  exhaust  those  immense  bodies  so  quickly,  as  to 
disable  them  from  striking  at  the  same  time  other  buildings,  or 
other  parts  of  the  same  building,  A  wire,  or  very  small  rod  of 
metal,  does  not  seem  to  be  a  canal  suRicieutly  large  to  conduct 


•o  great  a  qnantit j  of  ligbtniiif  to  the  earth ;  etpedpllj  whctn  aaj 
past  of  it,  or  of  the  metal  comnQoicatiiig  with  it,^is  indoped  in  4^ 
dtone*work :  io  which  case,  the  applicatiop  of  it  woulJ  tend  tq  i% 
create  Us  had  effects,  bj  oondqctiog  it  tp  pf/i^ts  of  the  bayi)diBg 
which  it  might  otiierwise  not  have  reached. 

Dr.  Fraoklin,  from  obser?tng  that  the  filleting  of  gold  leaf  oo  the 
cover  of  a  book  condocted  the  charge  of  five  large  jars,  reaaons 
that  a  wire  will  be  sufficient  to  conduct  the  lightning  from  the  high* 
est  buildings  to  the  earth.  But  it  appears  from  an  experiment  of 
his  own,  that  a  much  larger  body  of  metal,  when  inclosed  between 
small  plates  of  thick  looking-glass,  is  not  sufficient  to  cpndn^f 
fifth  part  of  such  a  charge,  without  being  melted,  and  bnriting  to 
pieces  the  plates  of  glass.  And  it  is  remarkable,  that  in  those  paili 
of  the  church  where  the  effects  of  the  lightning  are  most  conspicife 
ous,  the  iron  was  inclosed  in  a  resisting  substance  similar  to  the 
glass  surrounding  the  gold  leaf  in  that  experiment.  Wires,  insffi^ 
of  oondocting  the  lightning,  ha?e  often  been  melted  by  the  ezplo. 
fion.  So  that,  it  seems  a  conductor  of  metal  less  than  six  or  eig|ii 
Inches  in  breadth,  and  a  quarter  of  an  inch  in  thickneu  (or  ap 
equal  quantity  of  metal  in  any  other  form  that  npay  be  found  aoie 
eonTeisient)  cannot  with  safety  be  depended  on,  where  bnfldingf 
are  exposed  to  the  reception  of  so  great  a  quantity  of  l^htniog. 
These  are  the  only  points  in  which  I  hare  ventured  to  difEsr  from 
Dr.  Fi!anklin. 

lid.  17M, 

11.  Singular  and  fatal  Effects  of  a  Thunder-storm^  withosU 
Lightning y  near  Coldstream^  Scotland. 

By  Patrick  Brydone,  Esq.  F.R.S. 

TuesHAT,  July  19,  178^9  was  a  fine  soft  morning,  thermometer 
at  ten,  «68°;  about  eleven,  clouds  began  to  form  in  the  south-east ; 
and  bet'Sreen  twelve  and  one  there  were  several  flashes  of  lightning, 
followeil  by  rolling  claps  of  thunder,  at  a  considerable dbtanco. 
Soon  aftier  however  Mr.B.  was  suddenly  alsrmed  by  a  loud  report^ 
for  whitUi  he  was  not  prepared  by  any  preceding  flash:  it  re« 
serobled  the  firing  of  several  muskets,  so  close  together,  that  (ho 
ear  could  hardly  separate  the  sounds;  and  was  followed  by  00 
rumbling*,  noise  like  the  other  claps.    Soon  after  he  wu  told  that  a 
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mud  two  liorses  liad  been  struck  dead  by  the  thander,  at  a 
IriMll  dbtsnce  from  hb  hoase.  Mr.B.  immediatelj  set  out,  and 
urired  on  the  spot  in  less  than  half  an  hoar  after  the  aceident* 
Fbe  horses  were  still  yoked  to  the  cart,  and  lying  in  the  same  po* 
dtion  in  whic^h  they  had  been  struck  down ;  hut  the  body  of  tiiO' 
fonng  man  had  been  already  carried  off  by  his  companion,  who 
IPOQ  returned  to  the  place ;  and  described  to  him  how  every  tliui|^ 
had  passed. 

They  were  both  serrants  to  Mr.Tumbull,  a  tenant  of  the  Earl 
Sf  Home;  and  were  returning  home  with  two  carts  loaded  with 
eoals.  James  Lauder  had  the  charge  of  the  first  cart,  and  waa 
Ming  on  the  fore- part  of  it.  They  had  crossed  the  Tweed  a  few 
attlntea  before,  at  a  deep  ford,  and  had  almost  gained  the  highest 
part  of  an  ascent  above  65  or  70  feet  above  the  bed  of  the  river. 
At  that  instant  he  was  stunned  by  a  loud  report,  and  saw  hit  com« 
pinion,  his  horses  and  cart,  fall  to  the  ground.  He  Immedfatelj 
rto  to  his  assistance,  but  found  him  quite  dead.  His  face,  he  said^ 
#at  of  a  Rvid  colour,  his  clothes  were  torn  to  pieces,  and  he  had 
a  itfotig  smell  of  burning.  He  immediately  emptied  his  own  cart, 
Aid  carried  home  f^auder^s  body  to  his  friends  ;  so  that  I  had  not 
tt opportunity  of  examining  it:  but  Mr.  Bell,  minister  of  CokU 
rtreiln,  a  gentleman  of  the  most  perfect  candour  and  veracity, 
nld,  that  he  had  been  srnt  for  to  announce  the  fatal  event  to  the 
fOdng  man*s  pnrents,  and  had  examined  the  body ;  that  he  found 
fte  skin  of  the  right  thigh  much  burnt  and  shrivelled,  and  many 
marks  of  the  same  kind  over  the  whole  body ;  but  none  on  tho 
legs,  which  he  imputed  to  their  hanging  or<^r  the  forc-part  of  the 
cart  at  the  time  of  the  explosion,  and  not  being  in  contact  with  any 
part  of  it.  His  clothes,  and  particularly  his  shirt,  was  very  much 
torn,  and  emitted  a  strong  smw^Il  of  burning.  The  body  was  buried 
two  days  after,  without  having  discovered  any  symptoms  of  putre^ 
(aeclon. 

Lauder's  companion  showed  the  distance  between  the  two  carts, 
irhich  was  exactly  marked  ;  for  his  horses  had  turned  round  at  tho 
dme  of  the  explosion,  and  broke  their  harness ;  it  was  about  34 
fands,  and  Lauder's  cart  was  a  few  feet  higher  on  the  bank,  bat 
bad  not  yet  reached  the  summit.  Mr.B.  now  examined  the  car^ 
md  the  spot  around  it.  The  horses  were  black,  and  of  a  strong 
oike ;  they  had  fallen  on  the  left  side,  and  their  legs  had  made  a 
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deep  impression  in  the  dust,  which,  on  lifting  thcro  ap,  showed  the 
exact  form  of  each  leg  ;  so  that  no  kind  of  struggle  or  oonrolsiTe 
motion  had  succeeded  the  fall,  bot  erery  principle  of  life  seems  to 
ha?e  been  extinguished  in  an  instant.     The  hair  was  much  singed 
OTer  the  greatest  pare  of  their  bodies ;  bat  was  most  perceptible  on 
the  belly  and  legs.     Th^ir  «yes  were  already  become  dull  and 
opaque,  and  looked  like  the  eyes  of  an  animal  which  had  been  long 
dead.     l*he  joints  were  all  supple  ;   and  he  could  not  perceire  that 
any  of  the  bones  were  eithi^r  softened  or  dissolved,  as  it  has  been 
alledged  sometimes  happens  to  animals  killed  by  lightning.     The 
left  shaft  of  the  cart  was  broken ;  and  the  splinters  had  been  thrown 
oiT  in  many  places,  particularly  where  the  timber  of  the  cart  was 
connected  by  nails,  or  cramps  of  iron.     Many  pieces  of  the  coal 
were  likewise  thrown  out  to  a  ^onsiderahli*  distance,  ail  roond  the 
cart;  and  some  of  them  had  the  appearance  of  coal  which  had  lain 
some  time  on  a  fire.      He  also  gathered  up  the  fragments  of  Lad- 
der's hat,  which  had  been  torn  to  innumerable  small  pieces  ;  as 
well  as  part  of  his  hair,  which  was  strongly  united  to  some  of  tlia 
fragments  which  had  composed  the  crown  of  the  hat.     About  4^ 
feet  behind  each  wheel  of  the  cart,  was  an  odd  appearance  in  tha 
ground ;  a  circular  hole  of  about  twenty  inches  in  diameter,  tlie 
centre  of  which  was  exactly  in  the  tract  of  each  wheel.    The  earth 
was  torn  up,  as  if  by  violent  blows  of  a  pick.axe,  and  the  small 
stones  and  dust  were  scattered  on  each  side  of  the  road.     The 
tracks  of  the  wheels  were  strongly  marked  in  the  dust,  both  liehind 
and  before  these  holes,  but  were  completely  obliterated  for  upwards 
of  a  foot  and  a  half  on  these  spots.     This  led  Mr.B.  to  suspect, 
that  the  force  which  had  formed  them  must  likewise  hare  acted 
strongly  on  the  wheels ;  and  on  examination,   he  found  evident 
marks  of  fusion  on  each  of  them.     The  surface  of  the  iron,  to  the 
length  of  about  three  inches,  and  the  whole  breadth  of  the  wheel, 
had  become  of  a  bluish  colour,  had  entirely  lost  its  polish  and 
smoothness,  and  had  the  appearance  of  drops  incompletely  formed 
on  its  surface ;  these  were  of  a  roundish  form,   and  had  a  sensible 
projection.     To  ascertain  whether  these  murks  wore  occasioned  by 
the  explosion  which  had  turned  up  the  ground,  he  pushed  back  the 
cart  on  the  same  tracks  which  it  had  described  on  the  road  ;   and 
found,  that  the  marks  of  fusion  answered  exactly  to  the  centre  of 
each  of  the  holes :  and  that,  at  the  instant  of  the  explosion,  the 
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iron  of  tbo  wheels  bad  been  sunk  deep  in  the  dnst.  Thej  hud 
Bade  almost  half  a  reTolulion  after  tlie  explosion,  ii-hich  might  he 
oecasiooed  by  the  falling  down  of  the  horses,  which  pulled  the  cart 
a  little  forward.  On  examining  the  opposite  part  of  the  wheels,  or 
that  part  whkh  was  at  the  greatest  distance  from  the  earth,  no 
mark  of  any  kind  was  obserrable.  The  broken  earth  still  emitted 
a  tmell  something  like  that  of  ether.  The  ground  was  remarkably 
dry,  and  of  a  gravelly  soil. 

It  would  appear,  that  this  great  explosion  had,  in  an  instant, 
pervaded  every  substance  connected  with  the  cart,  the  wheels  of 
whickhad  probably  conducted  it  from  the  ground.  They  had  been 
coBipletely  wetted  but  a  few  minutes  before,  as  well  as  the  legs 
•nd  bellies  of  the  horses,  and  might  perhaps  be  the  reason  why  the 
hair  oo  these  parts  was  much  more  burnt  than  on  the  rest  of  their 
bodies.  However,  the  two  horses  had  already  walked  over  this 
alectrical  mine,  without  having  produced  any  effect ;  and  had  not 
the  cart  followed  them  might  have  escaped  without  hnrt.  He  ex. 
aouned  all  their  shoes,  but  could  not  perceive  the  least  mark  on 
aof  oftbem,  nor  was  the  earth  broken  where  they  had  trodden. 
Bnt  the  cart  was  deeply  laden,  and  the  wheels  had  penetrated  much 
frrther  into  the  ground. 

Tbe  oquilibrium  between  the  earth  and  the  atmosphere  seems  at 
Ihif  instant  to  have  been  completely  restored  ;  for  no  further  ap« 
pearance  of  thunder  or  lightning  was  observed  within  the  hemis. 
phere  ;  the  clouds  dispelled,  and  tbe  air  resumed  the  most  perfect 
traoquillity ;  but  how  this  vast  quantity  of  electric  matter  could  be 
discharged  from  the  one  element  into  the  other  without  exhibiting 
any  appearance  of  fire,  he  pretends  not  to  examine.  The  fact 
however  appears  certain ;  and  when  he  was  mentioning  it  as  a 
siognlar  one,  a  gentleman  told  him,  that  the  shepherd  of  St* 
Cuthbert's  farm,  on  the  opposite  bank  of  the  Tweed,  had  been  an 
eye-witness  of  tbe  event,  and  gave  a  different  account  of  it.  Mr. 
B.  immediately  went  to  the  farm,  found  the  shepherd,  and  made 
him  conduct  him  to  the  spot  whence  he  had  observed  it,  and  desired 
him  to  gife^an  account  of  what  had  happened.  He  was  looking, 
ha  saidy  at  the  two  carts  going  up  the  bank,  when  he  was  stunned 
by  a  loud  report,  and  at  the  same  instant  saw  the  first  of  the  carts 
fall  to  the  ground,  and  observed  that  the  man  and  horses  lay  stiU, 
as  if  dead.     He  said,  he  saw  no  lightning,  nor  appearance  of  fire 
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wbate?er ;  b«t  observed  the  dust  to  rise  at  the  place ;  that  there 
had  been  ie?eral  flashes  of  lightoing  some  time  before  from  the 
south-east,  whereas  the  accident  happened  to  the  oorth^weitof 
where  he  stood.  The  distance,  in  a  right  line  across  the  river, 
might  be  between  two  or  three  hundred  yards.  He  was  seasiMe 
of  no  shock,  nor  uncooiBM>n  sensation  of  any  kind. 

Seferal  otlier  phenomena  happened  on  that  daj,  probably  all 
proceeding  from  the  same  canse  ;  some  of  which  Mr.B.  nentkNVi. 
The  shepherd  belonging  to  the  farm  of  Lennel-hill  was  in  a  nfif h. 
bouring  field,  tending  his  'flock,  when  he  obserred  a  lamb  drop 
down  ;  and  said,  he  felt  at  the  same  time  as  if  Are  Imd  passed  oTer 
his  face  though  the  lightning  and  claps  of  thunder  were  then  a^a 
great  distance  from  him.  He  ran  up  immediately,  but  found  the 
lamb  quite  dead ;  nor  did  he  perceive  the  least  coiiTulsIre  aotioa, 
Bor  symptom  of  life  remaining,  though  the  moment  before  it  ap. 
peared  to  be  in  perfect  health.  He  bled  it  with  his  knife,  and  the 
blood  flowed  freely.  This  happened  about  a  quarter  of  an  hoar 
.  before  the  explosion  which  killed  Lauder ;  and  it  was  not  above 
three  hundred  yards  distant  from  the  spot.  He  was  only  a  issr 
yards  from  the  lamb  when  it  fell  down.  The  earth  was  not  .torn 
up,  nor  did  he  observe  any  dust  rise. 

Thomas  Foster,  a  celebrated  fisher  in  Coldstream,  and  another 
man,  were  standing  in  the  middle  of  the  Tweed,  fishing  for  salmon 
with  the  rod,  when  they  suddenly  heard  a  loud  noise ;  and,  turn- 
ing round  to  see  from  whence  it  came,  they  found  themselves  caught 
in  a  violent  whirlwind,  which  felt  sultry  and  hot,  and  almost  pre. 
vented  them  from  breathing.  It  was  not  without  much  difficnity 
they  could  reach  the  bank,  where  they  sat  down,  exhausted  with 
fatigue,  and  greatly  alarmed :  however  it  lasted  but  a  very  short 
time,  and  was  succeeded  by  a  perfect  calm.  This  happened  alHMit 
an  hour  before  the  explosion. 

A  woman  making  hay  near  the  banks  of  the  river,  fell  suddenly 
to  the  ground,  and  called  out  to  her  companions,  that  she  had. re- 
ceived a  violent  blow  on  the  foot,  and  could  not  imagine  from 
whence  it  came,  Mr.  Bell,  our  minister,  nephew  of  Thomson  the 
poet,  and  possessed  of  all  the  candour  and  ingenuity  of  his  nncle, 
said,  that,  walking  in  his  garden,  a  little  before  lisuder's  accident, 
he  several  times  felt  a  sensible  tremor  in  the  ground.  iJe  also  said, 
that  he  had  observed  on  Lauder's  body  a  sig-zag  lin^,  of  about  an 
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loeh  and  a  qmrter  brosd,  wkicli  extended  from  hie  eUn  down  io 
Ids  rigbt  thigh,  and  had  followed  nearly  the  line  of  the  bnltons  of 
|di  waiiteent.    The  shin  was  burnt  white  and  hard. 

These  are  all  the  circmnttances,  says  Mr.B^  I  hare  been  able  to 
delect  that  are  well  authenticated,  and  I  shall  not  trouble  you  with 
reports  that  are  not.  From  the  whole  it  would  appear,  that  the 
earth  had  acquired  a  -great  superabundance  of  electrical  matter, 
which  was  every  where  endeavouring  to  fly  off  into  the  atmo* 
phere.  Perhaps  it  might  be  accounted  for  from  the  excessive  dry* 
aeta  of  the  ground  ;  and  for  many  months,  the  almost  total  want 
of  rain,  which  is  probably  the  agent  that  nature  employs  in  pre* 
aenrilig,  or  in  restoring,  the  equilibrium  between  the  other  two 
eituients.  But  1  shall  not  pretend  to  investigate  the  causes  :  all  ^I 
^MOtSd,  was  to  give  some  account  of  the  effects. 

P.  8.  I  cannot  send  away  this  letter  without  adding,  in  a  post* 
fcripCi  that  on  Friday  the  1 1th  of  August  last,  early  in  the  menu 
lag,  wo  had  a  pretty  smart  shock  of  an  earthquake.  I  was  awaked 
bj  it|  and  felt  the  motion  most  distinctly  for  four  or  five  seconds  at 
hmsL  It  appeared  as  if  the  bed  had  been  pulled  gently  from  side 
to  Mo  several  times*  The  motion  was  nearly  north  north-west 
awl'Soiith*east,  as  far  as  I  could  judge  from  the  motion  of  the  bed. 
The  windows  were  violently  shaken,  and  made  a  great  noise,  which 
I  bellove  was  mistaken  by  many  people  for  a  noise  accompanying 
the  earthquake,  I  immediately  rose  to  look  at  my  watch,  and 
found  it  twenty  minutes  after  two.  It  was  a  dead  calm,  the  morn* 
ISg  dose  and  warm,  with  a  small  driazling  rain,  and  though  the 
moon  was  but  two  days  past  the  full,  so  dark  that  I  could  not 
perceive  the  hour  without  striking  a  light.  It  was  felt  in  almost 
every  house  in  this  neighbourhood,  and  all  the  way  from  this  coun* 
try  to  the  west  coast  of  the  island,  where  it  seems  to  liave  been 
more  violent  thai^  here  :  but  to  the  east  of  this  place  it  was  very 
lIHIft  felt. 

Peirhaps  it  may  not  be  improper  to  mention  the  state  of  the  wea. 
Ihtr  for  somo  time  before  and  after  this  event,  as  it  may  possibly 
have  had  some  influence  on  it.  The  drought  was  very  great  till  the 
Std  of  July,  when  it  rained  a  little ;  and  this  was  repeated, 
though  In  small  quantities,  and  generall)'  accompanied  by  high 
winds,  till  Thursday  the  27th,  when  it  blew  the  most  violent  tem- 
pest I  ever  remember  in  this  country.  The  young  crop  of  turnips, 


3^6  THDNDER-STORMS. 

fai  many  6eld8,  were  blown  out  of  the  ground,  and  almost  cntir**!/ 
destroyed.  The  pease  became  brown  as  if  withered,  and  so  did 
the  leaves  of  the  forest  trees  on  that  side  which  was  opposed  to  il^ 
blast«  Vast  clouds  of  dust  were  raised  from  the  dry  fields  and 
roads,  which  looked  like  smoke,  and  had  the  appearance  at  a  dis- 
tance  as  if  many  villages  had  been  on  fire  all  over  the  country. 
The  water  too  was  raised  from  the  surface  of  the  river,  and  carried 
quite  away  by  the  violence- of  the  hurricane,  forming  small  tlonds 
In  the  air,  which  we  tra  ^  to  a  great  distance.  The  great  violence 
of  this  tempest  lasted  but  a  few  hours,  and  at  night  it  fell  calm. 
The  barometer  was  little  affected,  and  stood  at  29|  inches.  The 
wind  was  early  west,  veering  sometimes  a  little  to  the  north. 
From  this  time  we  had  a  course  of  very  fine  weather,  the  wind  con- 
stantly in  the  west  points,  till  the  time  of  the  earthquake  (wbiah 
happened  on  what  is  called  the  last  of  the  dog-days),  when  it 
changed  to  the  south.east,  and  brought  us  five  of  the  worst  days 
I  ever  remembered  to  have  seen  at  that  season  ;  it  rained  aliUHt 
incessantly,  with  a  cold  easterly  wind,  and  the  sun  did  not  once 
appear  till  the  morning  of  Wednesday  the  16th,  after  which  we  had 
again  a  course  of  fine  weather.  I  examined  the  barometer  at  the 
time  of  the  earthquake,  but  did  not  fine  that  it  had  been  sensiblf 
affected.  It  rose  a  little  on  that  morning;  but  this  1  imputed  to 
the  wind  having  changed  to  the  east. 

[W.  1787. 

12.  Theory  of  the  returning  Stroke,  in  Explanation  oj  the 

preceding  Phenomena, 

By  (he  Right  Hoo.  Charles  Earl  Staohope,  F.R.S. 

No  storm  of  lightning  has  ever  produced  efllects  more  cnrloos  to 
contemplate  than  those  related  by  Mr.Brydone,  in  his  letter  to  the 
president  of  this  Society.  That  account  contains  facts  of  such 
consequence,  and  so  perfectly  inexplicable  by  the  commonly  re« 
ceived  principles  of  electricity,  that  it  undoubtedly  deserves  parti- 
cularly  attention.  It  appears,  that  a  man,  James  Lauder,  sitting 
on  the  fore  part  of  a  cart  drawn  by  two  horses,  was  suddenly 
struck  dead,  u>  also  the  horses  t]i.iC  he  was  driring,  and  that  tha 
cart  itself  was  much  injured  hy  electrical  fire,  though  no  lightning 
fell  at  or  near  the  place  where  this  accident  happened^ 
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Now  hw  fhefs  of  tiiis  kind  hsve  crer  iMn  bttin-  authenticaM 
Uran  tliis  is.  It  appears  first,  that  a  man,  who  was  sitting  on  tfaa 
fore.part  of  another  cart,  onlj^  twentj.foar  yards  t>efaind  the  cart 
that  was  struck,  <^  had  Laader,  his  cart  and  horses,  full  in  view 
when  they  fell ;  he  was  stunned  by  aloud  report,  and  saw  his  com* 
panion,  his  horses  and  cart,  fall  to  the  ground ;  he  immediately  ran 
to  his  assistance,  but  found  him  quite  dead ;  he  perceived  no  flash 
or  appearance  of  fire."  It  also  appears,  that  another  man,  a 
sheplierd  of  St.  Cuthbert's  farm,  was  also  a  witness  of  this  event. 
Was  distant  from  Lauder  ^^  between  two  and  three  hundred  yards, 
aad  was  looking  at  the  two  carts,  when  he  was  stunned  by  a  loud 
report,  and  at  the  same  instant  saw  the  first  of  <he  carts  fall  to  tho 
gromd.  He  saw  no  lightning,  nor  appearance  of  fire  whatever." 
Tke  CDBcnrrent  testimony  of  these  two  men  is  confirmed  by  Patrick 
Brjdone,  Esq.  who  lives  at  a  small  distance  from  the  spot  where 
Lasder  was  killed ;  and  Mr.  Brydone  relates,  that  a  storm  appear. 
ed  Ikr  off;  and  that  he,  and  some  company  in  his  house,  wore 
**  inddanly  alarmed  by  a  loud  report,  for  which  they  were  not 
proparod  by  any  preceding  flash.*'  There  is  the  greater  weight  to  , 
bo  gtfeato  this  account  of  Mr.  Brydone,  as  it  so  happened,  that 
bo  waa  just  then  ^*  observing  the  progress  of  the  storm,  at  an  open 
wbidow,  in  the  second  story  of  his  house,"  and  making  the  com* 
pany  ^  observe,  by  a  stop-watch,  tlie  time  that  the  sound  took  to 
reaeb  tbem." 

That  the  death  of  Lauder,  and  of  the  horses,  was  not  occasioned 
by  asy  direct  main  stroke  of  explosion  from  a  tfaunder-cloud,  either 
poiitirely  or  negatively  electrified,  Lord  S.  thinks  is  evident;  since 
BO  lightning  whatever  passed  from  the  clouds  to  the  earth,  or  from 
the  cftrth  to  the  clouds,  at  the  place  where  tliey  were  killed.  It  is 
aqnallj  evident,  and  for  the  very  same  reason,  that  they  were  not 
deprived  of  life  by  any  transmitted  main  stroke  of  explosion,  either 
positive  or  negative.  It  is  also  obvious,  he  adds,  that  the  lateral 
cKploaion  was  not  the  cause  of  this  lAischief ;  for  the  lateral  ex. 
ploaloa  does  always  proceed  immediately  from  the  main  stroke 
itHlf ;  and  therefore  there  can  exist  no  lateral  explosion,  in  the 
case  when  there  is  no  main  stroke  whatever. 

Lord  S.  thinks,  from  the  different  circumstances  of  this  case, 
tlMU  the  eflfects  produced  proceeded  from  electricity ;  and  that  no 
electrical  fire  did  pass  immediately  either  from  the  clouds  iotu  tho 
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tBTty  ftc.  or  from  A*  cart,  &c.  into  the  clouds.     From  the  circii« 
lar  holes  in  the  groosd,  of  About  twenty  inches  in  dinmeter,  tbe 
respective  centres  of  which  were  exactly  ip  the  track  of  each  wheid| 
and  the  corresponding  marks  of  fusion  on  the  iron  of  the  wheels, 
which  marks  answered  exactly  to  the  center  of  each  of  the  holes; 
it  is  evident,  he  says,  that  the  electrical  6re  did  pass,  from  the 
earth  to  the  cart,  or  from  the  cart  to  the  earth,  through  thai  part 
of  the  iron  of  the  wheels  which  was  in  contact  with  the  ground. 
From  the  splinters  that  had  been  thrown  off»  in  many  places,  parti« 
eularly  where  the  timber  of  the  cart  was  connected  by  nails  or 
cramps  of  iron,  and  from  the  various  other  effects  mentioned  in 
Mr.Brydone's  paper,  it  is  further  evident,  that  there  was  a  violent 
motion  of  the  electrical  fluid  in  all,  or  at  least  in  different  parts  of 
the  cart,  and  of  the  bodies  of  the  man  and  horses,  though  there  was 
no  lightning. 

Wonderful  as  these  combined  facts  may  appear,  and  nncomnioa 
as  they  certainly  are  In  this  country,  they  are  however  easy  to  b* 
explained  by  means  of  that  particular  species  of  electrical  shock, 
which  I  have  distinguished  in  my  Principles  of  Electricity,  pob* 
lished  in  1779,  by  the  appellation  of  the  ^^  electrical  returniag 
stroke:"  and  though  at  the  same  time  I  wrote  that  Treatise,  I  had 
it  not  in  my  power  to  produce  any  instance  of  persons  or  aoimais 
having  been  killed  in  the  very  peculiar  manner  since  related  in  Mr. 
Brydone*s  paper;  I  did,  however,  from  my  experiments  mentioned 
in  that  book,  venture  to  assert,  with  confidence,  that,  if  persons  be 
strongly  superinduced  by  the  electrical  atmosphere  of  a  cloud, 
they  may,  under  circumstances  similar  to  those  explained  in  that 
treatise,  receive  a  very  strong  shock,  be  knocked  down,  or  be  even 
killed,  at  the  instant  that  the  cloud  discharges,  with  an  explosion, 
its  electricity,  whether  the  lightning  falls  near  the  very  place  where 
those  persons  are,  or  at  a  very  considerable  distance  from  that 
place,  or  whether  the  cloud  be  positively  or  negatively  electrified." 
And  I  further  stated  that,  ^^  whether  the  distance  between  iht 
person  so  circumstanced,  and  the  place  where  the  lightning  falls^ 
be  fifty  or  one  hundred  yards,  or  one  mile,  or  two  miles,  or  three 
miles,  or  more,  the  truth  of  the  general  proposition  there  laid  down 
would  not  be  anywise  affected."  I  have  also  explained  in  that 
treatise  how  a  still  more  singular  effect  might  be  produced,  namely, 
how  ^^  an  explosion,  which  happens  in  one  place,  may  cause  ia  9 
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second  place,  at  a  tpfj  considerable  distance  from  the  first  place, 
■  sadden  returning  stroke,  which  may  knock  down,  or  even  kill, 
pmoos  and  animals  at  that  seconH  place ;  at  the  same  time  that 
other  persons,  or  other  animals,  situated  in  a  third  place,  that  is 
ereo  immediately  between  the  first  place  where  the  lightning  falls, 
aod  the  second  place,  just  mentioned,  where  the  shock  of  the  re- 
turning stroke  happens,  shall  receive  no  detriment  whatever." 

Bat,  before  speakin^^  of  the  accident  of  Lauder,  which  appears 
to  have  been  occasioned  by  a  returnin;;  stroke,  proceeding  from  an 
aneoiblage  of  clouds,  1  will  say  a  few  words  on  one  or  two  other 
facts,  mentioned  in  MrBrydone's  account.  Mr.  Brydone  informs 
OS,  that  ^^  the  shepherd  belonging  to  the  farm  of  LcnnM.hlll  was 
in  a  neighbouring  field,  when  he  observed  a  lamb,  only  a  few  yards 
ffom  him,  drop  down,  though  the  lightning  and  claps  of  thunder 
were  then  at  a  great  distance  from  him.  lie  ran  up  imm(>diately, 
bat  foond  the  lamb  quite  dead  ;  nor  did  he  perceive  the  least  con- 
▼alsive  motion,  or  symptom  of  life  remaining,  though  the  moment 
before  it  appeared  to  be  in  perfect  health."  This  elf(>ct  is  so  pre. 
dselj  similar  to  those  explained  in  my  Principles  of  Electricity, 
tint  it  is  quite  unnecessary  to  enlarge  on  it.  I  shall  only  observe, 
tiiat  such  an  electrical  returning  stroke  as  that  by  which  the  lamb 
was  destroyed,  namely,  a  returning  stroke  which  happens  at  a 
place  where  there  is  neither  lightning  nor  thunder  near,  belongs  to 
the  most  simple  class  of  returning  strokes ;  and  that  it  may  be 
produced  by  the  sudden  removal  of  the  clastic  electrical  pressure 
of  the  electrical  atmosphere  of  a  single  main  cloud,  as  well  as  by 
that  of  an  ossemblage  of  clouds.  It  appears  by  Mr.Brydone's  ac- 
count,  that  the  shepherd,  who  saw  the  lamb  fall,  was  near  enough 
to  it  to  feel,  in  a  small  degree,  the  electrical  returning  stroke  at  the 
same  time  that  the  lamb  dropped  down. 

Mr.  Brydone  further  relates,  that  ^^  a  woman  making  hay  near 
the  banks  of  the  river  fell  suddenly  to  the  ground ;  aod  called  out 
to  her  companions,  that  she  had  received  a  violent  blow  on  the  foot, 
and  could  not  imagine  from  whence  it  came."  Thi^  blow  was, 
unquestionably,  the  electrical  returning  stroke.  When  a  parsoa, 
wulking  or  standing  out  of  doors ^  is  JLoocked  down  pr  kilird  by 
the  returning  stroke,  the  electiical  fire  must  rush  in,  or  rush  out^ 
at  the  case  may  be,  through  that  person*s  feet,  and  through  them 
only  ;  which  would  not  be  the  case,  were  the  person  to  be  knyck^ 
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down  or  killed  by  any  roaia  stroke  of  explosion,  either  pOTtthtor 
negatiTe. 

Lord  S.  (hen  proceeds  to  explain,  from  the  retnraing  stroke,  de« 
scribed  in  his  Principles  of  Electricity,  how  the  chief  eiiects  men- 
tioned in  Mr. Bfy doners  account  may  probably  have  been  prodn(^ 
▼iz.  the  death  of  the  man  and  horses,  with  the  dispersion  of  partt 
of  the  cart,  and  the  marks  on  the  wheels,  &c, 

[«.  ITSr. 

13.  Curious  case  of  Heckingham  Poor-house  being  set  on  JIft 
by  Lightningy  though  guarded  by  Conducior9» 

Bjr  Dr.  Bla^den,  and  Mr.  Naihie. 

The  first  communication  is  a  letter  to  the  president  of  tbe  R«S« 
from  the  principal  ofl&cers  of  the  Board  of  Ordnance,  dated  Dec 
t3,  17S1,  as  follows: 

SiR,-»HaTing  received  information  that,  last  summer,  a  stroke 
of  lightning  set  fire  to  the  poor-hoase  at  Heckingham,  near  Nov^ 
wich,  notwithstanding  it  was  armed  with  eight  pointed  condactori) 
we  request  you  will  communicate  to  os  such  particulars  relating  ta 
that  fact  ai  may  have  come  to  your  knowledge. 

(Signed)     Amherst ;  C.  Frederick ;  H.  Starchey ;  J.  Kenrick* 

5t>  Joseph  Bankif  Bart, 
Pr9$ideiU  of  the  Jtoifml  Societjf. 

It  does  not  appear  that  any  particulars  relating  to  that  fact  had 
come  to  the  president's  knowledge.  However,  the  council  of  the 
R.  S.  appointed  a  committee  of  their  members  to  inquire  into  the 
particulars,  as  appears  by  the  following  extracts. 

Extracts  from  the  Minutes  of  the  Council  of  the  R^mi 

Society* 

Jan.  10,  1783. — ^The  president  laid  before  the  council  a  letter  to 
Um  from  the  Board  of  Ordnance,  acquainting  him,  that  the  po#r« 
house  at  Heckingham,  near  Norwich,  had  been  struck  by  l%lit. 
ning,  notwithstanding  it  was  armed  with  eight  pointed  conductors ; 
and  requesting  him  to  communicate  to  them  such  particulars  relate 
lag  to  that  fact  as  nay  have  como  to  bis  knowledge.<«»ile9olve4. 
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That  Dr.  Bttgdcn  aod  Mr.  Nairne  be  requested  to  repair  to  Heck. 
iiigh«Bi,  aod  examine  into  the  circnnistanceB  of  the  accideitt,  and 
mpbrC  thereon  to  the  council :  that  they  engage  a  draughtsman  to 
take  such  drawings  as  may  be  requisite;  and  that  the  necessary 
expenses  be  defrayed  by  the  Society, 

.  Feb.  7,  1782. — Dr.  Blagdeo  read  to  the  council  his  and  Mr. 
Naime's  report  of  the  surrey  made  by  them  of  the  poor-house  at 
fleckingham^  in  Norfolk,  in  consequence  of  their  appointment  by 
a  former  council.  The  said  report  was  ordered  to  be  read  to  the 
Society  on  Thursday  the  14th  instant.  And  the  president  waa 
requested  to  transmit  it  immediately  afterwards  to  the  Board  of 
Ordnance ;  and  to  desire  that  they  would  return  the  drawings  as 
ioon  as  they  should  hare  taken  copies  of  them,  or  made  such  other 
use  of  them  as  they  might  think  necessary. 

Report  of  the  Committee.— Read  February  14,  1783.--To  the 
iVendent  and  Council  of  the  Royal  Society.— Gentlemen^  par* 
saant  to  your  resolution,  appointing  us  a  committee  to  examine 
the  Boose  of  Industry,  at  Heckingham,  in  Norfolk,  which  had 
baeo  struck  by  lightning,  though  it  was  armed  with  conductorS| 
wo  arrlTed  there  on  the  31st  of  January.  Seren.  months  had  then 
elapaed  since  the  accident,  yet  we  had  the  satisfaction  to  learn, 
that  no  material  changes  had  been  made  in  the  conductors  or  the 
bttHding  in  that  period;  some  laths  that  had  been  burnt,  some 
bricks  and  pantiles  which  had  been  damaged  or  thrown  down  were 
replaced  ;  but  we  found  means  to  procure  distinct  information  of 
tiioae  repairs  from  the  workmen  who  had  been  employed  to  execute 
them.  In  order  to  communicate  a  clear  idea  of  the  accident,  it 
will  be  necessary  to  premise  a  general  account  of  the  building ; 
dMA  to  represent  the  manner  in  which  the  conductors  were  ap. 
;  and,  lastly,  to  describe  the  stroke  of  lightnings  with  its 


The  general  form  of  the  building  is  that  of  the  Roman  letter  H, 
consisting  of  a  centre  range  and  two  flanks.  It  stands  on  a  gentle 
risingt  wlHch  can  by  no  means  be  termed  a  hill,  with  its  front 
fccing  S.  9^  W.  To  the  western  side  of  the  west  flank,  and  east. 
mtk  side  of  the  east  flank,  some  lower  buildings  are  annexed, 
atrving  as  offices  of  difiereot  kinds ;  and  there  are  two  courts,  one 
fcafote  aad  the  other  behind  the  house,  with  some  small  gardeps 
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and  yards  dn  each  of  the  flanks,  io  hll  of  which  fUnd  rarioM 
detached  offices. 

'A  very  mintite  description  Is  then  ^ren  of  ail  the  parts  of  the 
baildiog  of  the  poor.hoase,  with  various  low  detached  and  attach. 
ed  ofUcc'S,  as  lean-tos,  stables,  jrards,  privies,  pig-houses,  icctke* 
the  whole  illustrated  by  drawings  of  plans  and  elevations  in  six 
cfbgraved  plates,  which  may  well  be  spared  on  this  occasion. 
"  To  all  the  eight  chimnies  of  the  building  they  found  iron  rods 
affixed,  reaching  between  four  and  five  feet  above  the  top  of  the 
chimney,  pointed  at  the  upper  end,  and  tapering  aboot  ten  inclwi 
to  that  point     Each  rod  or  bar  was  nearly  square,  measuring,  on 
a  mean,  about  half  an  inch  one  way,  and  ^V  of  an  inch  the  otiwf, 
with  the  angles  just  rounded  off.     These  conductors  were  contb 
nned  down  the  building  by  a  succession  of  similar  bars  of  iron,  in 
general  from  six  to  eight  feet  long,  joined  to  each  other  by  two 
hooks  and  nuts ;  that  is,  the  corresponding  ends  of  each  bar  being 
formed  into  a  hook  bent  at  right  angles,  the  hook  of  the  upper. 
most  went  into  a  hole  of  the  lowermost,  where  it  was  fastened 
with  a  nut,  and  the  hook  of  the  lowermost  went  into  a  similar  hoia 
of  the  bar  above,  where  it  was  fixed  in  the  same  manner;- the 
length  of  each  of  these  joints,  from  nut  to  nut,  was  alnrat  two 
inches.     Though  there  were  eight  of  these  conductors  reaching 
above  the  chimnies,  yet  they  had  only  four  terminations  below. 
For  the  conductors  to  the  two  chimnies,  called  D  and  E,   being 
continued  toward  each  other  along  the  roof,  united  in  the  valley 
over  the  lead  gutter  there,  and  from  that  point  only  one  conduc- 
tor was  continued  down  the  valley  toward  the  ground.     In  like 
manner  the  two  conductors  from  the  chimnies  A  and  C  united  in 
the  valley  of  the  roof  between  them,  and  were  carried  do«in  to. 
ward  the  ground  as  a  single  rod.     All  the  three  conductors  from 
the  chimnies  F,  G,  and  11,  successiTely  joined  together,  and  only 
a  single  rod  was  continued  from  them  down  the  lower  part  of  the 
building.     Lastly,  the  conductor  from  the  chimney  B  went  down 
all  the  way,  without  having  formed  a  junction  with  any  other. 

The  conductors,  in  their  passage  down  the  building,  being  thos 
reduced  io  four,  the  gentlemen  next  show  their  fonr  terminations-; 
which  it  hence  appears  were  far  from  being  so  proper  or  fit  as  tlisj 
ought  to  have  been^  being  carried  but  a  few  inches  below  tha 
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face  «f  tlM  gnmnd,  and  dry ;  inttetd  of  being  ceotfnned  te  mepjr 
feet  in  deptfa,  tod  eodiog  in  water,  or  werj  moist  cnrtb,  at  to 
generally  diredcd  in  Mch  cases,  to  render  tbe  eonductors  safe  and 
dRfCtoal*  Tke  gentleneOi  after  a  minate  and  earefol  eiaminatioA 
and  measorement  of  all  the  parts  of  tlie  baildiog,  gire  a  Terj  dear 
and  anpfte  description  of  tlMm,  in  their  report  to  tlie  Society ;  but 
which  may  well  be  omitted,  being  particaUrs  of  f  ery  little  conscb 
qnence,  and  the  case  itself  «niaiportant.  One  hip  of  the  eatreno 
comer  of  the  boilding,  at  the  greatest  distance  from  the  condoc- 
tors,  waa  strack  and  set  on  fire,  by  a  Tery  loud  explosion  o( 
li^rtning;  but  the  fire  wss  qnlckly  extingoisbed,  and  little  or  no 
iaaMge  was  snstained.  The  gentlemen  then  conclude  their  report 
aiibllowst 

Such  are  the  facts  we  were  able  to  collect  from  an  assiduous 
ennunation  of  tbe  poor-house,  at  Heckiogham,  snd  of  those 
witnesses  in  the  neighbourhood  who  iLoew  any  thing  of  the  aocU 
dcat.  We  hate  stated  the  appearances  as  they  presented  thenu 
salees  to  ns,  with  all  the  minuteness  that  could  be  preserved  with. 
ent  too  much  crowding  the  narrati?e,  and  independently  of  any 
epiotOM.  Whether  the  earth  or  the  clouds  were  positive  at  the 
thBOi  whether  the  top  or  bottom  of  the  hip  was  first  affected  by 
Iho  stroke ;  whether  all  the  lightning  took  its  course  throoi^h  tbe 
hip^  or  part  went  that  way,  and  part  through  the  conductors;  and 
hoar  far  the  conductors  were  properly  constructed,  or  adequately 
Iffffninatedy  are  questions  which  will  naturally  suggest  themselres 
to  yonr  consideration. 

(Signed)  C*  Blagden  and  Edward  Naime. 

lid.  178S. 


14.  Effecti  of  Lightning  on  various  Ship$  in  the  East  Indits. 

By  Mr.  Robert  Veicbt. 

AuousT  1st,  1760.  Lat.  1^  56^  N.  Malacca  bearing  about 
N«  E.  After  some  clear  serene  weather,  a  thunder-doud  arose, 
ind  soon  increased  very  fast.  The  whole  hearens  were  covered 
vith  it,  and  the  flashes  of  lightning  happened  at  times  ou  different 
lidasof  the  ship,  which  had  all  the  sails  furled,  before  it  came  upon 
itr.     The  wind,   which  reached  the  ship  before  the  thunder, 
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kivight  HiA  H  m-wMwmt  aidl  hmrf  nip,  wUch  •uficieiitly  loaktd 
Ibe  ship  and  everj-  thing  about  ber;  Tte  ihip  wai  all  tkb  tiat| 
Whicli  was  in  abontbatf  an  hour  after  ill  ^rtA  appMminca  'mboft 
tha  wattam  horiaao,  in  the  anidtt  of  repaatad  iasfaat  af  ligfatniagi 
wiiidi  were  jmt  upon  the  ship  by  her  trenblmg  and  shaking  on 
•very  explosion,  and  the  flash  and  clap  coming  in  the  same  instant, 
the  ofiloarf  and  people  were  apprahensire  of  damage  to  the  mast* 
•  ^  A.  M.  At  this  time  k  clap  burst,  as  was  judged  by  the  ia« 
port,  about  midway  between  the  head  of  the  mtst  and  the  l>ody  af 
tte  ship,  or  it  might  lie  higher,  and  in  descending  might  oause  that 
appearance,  and  just  orer  it  This  made  the  ship  tremlda  and 
iludia  as  if  she  wu  going  to  burst  io  pieces,  and  great  pieces  and 
splinters  of  the  mast  fell  on  difTerent  places  of  the  ship ;  but  it 
was  so  rery  dark  we  could  not  see  from  which  of  the  masts  they 
were  forced.  Immediately  after  this  first  came  a  second,  whiah 
burst  just  aboTe,  and  on  the  quarter-deck  of  the  ship,  which  bjr 
the  report  was  as  great,  and  being  close  on  the  deck  was  more 
terrifying  than  the  former. 

.  At  day-light  we  found  that  the  foremast  and  misenmast  had 
escaped,  and  the  mainmast  had  suffered  as  follows :  All  tin  main 
top  gallant-mast,  from  the  rigging  at  the  top  of  it,  to  the  cap  ai 
the  head  of  the  main  top.mast,  was  entirely  carried  away,  part 
ihlling  orerboard,  and  part  into  the  ship  in  different  places*  The 
aiain  topmast  had  great  pieces  carried  from  it,  from  the  hones 
down  to  the  cap,  at  the  head  of  the  mainmast,  so  that  it  could  Init 
just  stand,  being  hardly  strong  enough  to  bear  its  own  weight,  and 
that  of  its  rigging.  The  mainmast  being  composed  of  three  pieces, 
towards  the  top  of  it,  those  of  the  sides  being  of  oak,  called  the 
cheeks,  were  not  hurt ;  but  the  middlemost  part,  being  of  fir,  was 
shivered  in  several  places,  and  pieces  were  carried  out  of  it  six  or 
Si^en  Inches  in  diameter,  and  firom  ten  to  twelre  feet  long,  alrf 
this  in  a  circular  descending  manner,  from  the  parrel  of  the  main* 
yard  down  to  the  upper  deck  of  the  ship,  the  pieces  being  taken 
out  crooked,  or  circular,  or  straight,  according  as  the  grain  of 
the  wood  ran. 

No  part  of  the  top-gallantmast,  or  topmast,  that  was  covered 
with  the  lamp-black,  was  touched  with  the  thunder,  tiie  grelUj 
part  only  being  carried  away.  The  liead  of  the  top^aliantmast^ 
from  the  rigging  upwards  to  the  spindle,  was  entire^  ai  was  alio 
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Ui  bMi,  for  th«  lightning  did  not  tooch  the  Iml,  but  nisied  tlM 
«lM>le  boCb  of  top«fallaatinaiit  and  topmatty  that  lay  betwaaa  tb* 
oap  and  npper  end  of  the  greaaj  part  of  tbo  mait.  Of  the  top. 
aast  great  pieces  were  carried  oat,  of  many  feet  in  length,  and 
nine  or  ten  inches  in  thiclLoess,  and  this  on  different  sides  of  tbe 
■ast,  fbr  the  whole  length  of  the  greasy  part.  From  tbe  top  oi 
the  mainmast  to  the  upper  end  of  that  which  is  covered  with  tar* 
pontine,  tKere  was  no  damage  ;  but  thence  downwards,  the  cheeks 
were  started  off  from  the  middle  part,  and  pieces  taken  ont  wind* 
ing  ariant  down  the  mast,  and  out  of  the  fir  part  many  feet  fai 
length)  and  six  and  seren  inches  deep,  and  n^ar  the  upper  deck  a 
place  as  Isrge  as  the  body  of  a  man,  and  eleven  or  twelve  feet  in 
length* 

-  Neither  the  yards  nor  any  part  of  the  rigging  were  hurt ;  for 
limngh  the  middle  part  of  the  top.gallantmast,  which  was  eighteon 
feet  long,  and  nine  inches  in  diameter,  was  entirely  burst  la 
fleoes,  and  carried  away ;  yet  the  rigging,  which  surrounded  the 
•pper  part  was  neither  burnt,  scorched,  nor  broken.  Neither 
did  it  touch  the  caps  on  the  mast  heads,  nor  the  top,  or  round  tbo 
imiffblding  on  the  mast,  which  in  this  ship  wu  eighteen  feet  broody 
ind  these,  as  well  as  the  yards,  were  covered  with  tar  and  lamp 
Mnek)  and  made  of  three  inch  deal. 

At  the  time  of  the  first  clap  there  might  be  more  than  sixty  men 
apMi  deck,  and  some  of  them  very  near  the  mast  at  the  very  time 
of  tke  clap.  Some  of  these  were  stunned  and  beaten  down  ;  and 
In  their  arms,  where  they  thought  themselves  hart,  they  had  a 
numbness,  which  continued  some  time,  but  not  any  of  them  other* 
wise  hurt.  Luckily  before  the  second  the  men  who  were  on  tho 
qnarter-deck,  in  number  about  twenty,  had  time  to  retire  under 
tie  awning,  which  is  a  projection  of  the  deck  of  the  cabin,  to 
ribelter  from  the  sun  or  rain ;  so  all  escaped  unhurt,  though  suffi* 
dently  frighted.  And  indeed  the  second  flash  was  most  terrible, 
at  it  was  an  explosion  like  a  great  number  of  balls,  which  went  off 
after  each  other,  cracking  like  shells,  which  continued  for  the 
space  of  half  a  minute  ;  and  from  which  there  was  no  retiring,  as 
tke  door  of  the  cabin  was  shut ;  and  they  might  have  set  the  ship 
on  (Ire,  but  for  the  great  rain  which  had  fallen  immediatdy  before 
tUft. 

Anno  1740,  a  Dutch  ship,  lying  in  the  road  of  Batavhi,  having 
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taken  letve  of  the  gofemor,  wts  ready  to  depart  far  Bengd. 
The  afternoon  was  calm,  and  towards  evening  they  had  looicd 
their  sails,  and  lay  ready  to  take  np  their  anchor  on  tfw  comlag 
off  of  the  wind  from  the  land,  which  is  common  every  night.  A 
black  cloud  was  gathering  over  the  hills,  and  the  wind  bronghtit 
towards  the  ship :  by  the  time  the  clood  and  the  wind  reached  the 
ship,  a  clap  of  thunder  burst  from  it,  just  over  the  ship,  and  set 
fire  to  the  main.topsail,  which  being  very  dry,  bornt  with  grcst 
fary ;  and  this  set  fire  to  the  rigging  and  mast.  They  immediatelj 
attempted  to  cut  away  the  mast,  but  were  hindered  by  the  falliog 
of  the  rigging,  which  was  «)urnt,  from  the  head  of  the  mast.  Bjr 
degrees  the  fire  communicated  to  the  other  masts,  and  obliged  ths 
people  to  desert  the  ship  ;  and  afterwards  it  took  hold  of  the  bodj 
of  the  ship,  and  burning  down  to  the  powder,  the  upper  part  ef 
the  hull  blew  up,  and  the  bottom  part  sunk  in  the  place  where  iht 
was  at  anchor. 

Anno  1741,  Bencoolen  road,  on  the  S.  W.  side  of  the  island  ef 

Sumatra,  lat.  4^  Cf  south.     There  lay  here  two  ships,  one  aa 

European,  the  other  a  country  trading  ship,  both  belonging  to  tbs 

flast  India  Company.     Here,  as  well  as  in  the  straight  of  Malacca, 

jott  have  periodical  winds,  which  blow  for  six  months  of  the  year 

from  the  same  quarter  of  the  horizon,  and  the  other  six  months 

from  the  opposite  quarter ;  and  it  is  observable,  that  these  thunder 

showers  and  squalls  of  wind  usually  come  contrary  to  these  stated 

winds,  which  are  calmed  during  the  thunder,  but  return  to  their 

constant  quarter  as  soon  as  the  thunder  and  rain  are  past.     In  the 

above  year  17419  in  June,  the  weather  was  very  hot  and  sultry, 

and  the  constant  wind  but  very  faint.     The  wind  came  after  this 

from  the  land,  and  almost  opposite  to  the  usual  point  a  very  faint 

air ;  and  the  thunder  wns  frequent  and  close  to  the  ships,  which 

lay  near  each  other,  but  the  fog  and  rain  prevented  their  seeing 

each  other ;  they  often  trembled  and  shook  by  the  explosion  of  the 

thunder.     One  of  these  claps  burst  on  the  country  ship,  which  by 

this  time  had  her  topmasts  struck  ;   that  is,  lowered  down  along 

the  lower  masts.     This  clap  carried  away  and  burst  to  pieces  all 

the  part  of  the  lower  mast  from  where  the  yard  is  carried  aloft  to 

within  six  or  seven  feet  of  the  upper  deck.     The  mast  was  woolded 

with  ropes  of  2|  size  in  different  places,  which  were  burst  asunder 

at  every  torn  of  it ;  and  the  mast  ail  shivered  into  small  splinters, 


THUfTDBR-STORlffS.  547 

id  noitlf  carfied  o?efiioanl.  Here  lino  the  raaiDOuist  wu  nuul* 
r  fir,  and  the  part  which  was  split  and  shirered  to  pieces,  was 
le  part  usually  coated  with  turpentine,  nii&(>d  as  before  said  with 
llow  or  oil :  aud  the  main  topmast,  which  was  made  of  a  wood 
r  the  country  called  teak,  and  is  of  a  texture  like  oak,  bat 
ronger,  was  untouched,  notwithstanding  it  lay  parallel  and  touch* 
1  the  mast  for  the  whole  length  of  the  part  carried  away. 

[W.  1764. 

15.  Effects  of  Lightning  on  a  Hulk  at  Plymouth. 

By  Johu  lluxham,  M.  D. 

SvNOAY,  December  15,  1754,  twenty-fire  minutes  after  one 
VM.  a  Tast  body  of  lightning  fell  on  the  great  hulk  at  Plymouth. 
6ck,  which  serves  to  boist  in  and  fix  the  masts  of  the  men  of 
'ar.  It  burst  out  about  a  mile  or  two  to  the  westward  of  the 
nlk,  and  rushed  with  incredible  Telocity  towards  it.  The  piece 
r  the  Derrick  cut  out  was  at  least  eighteen  inches  diameter,  and 
bout  fifteen  or  sixteen  feet  long :  this  particulor  piece  was  in  three 
r  (bar  places  begirt  with  iron  hoops,  about  two  inches  broad,  and 
alf  an  inch  thick,  which  were  completely  cut  in  two  by  the 
i^jhtning,  as  if  done  by  the  nicest  hand  and  instrument.  The 
ghtning  was  immediately  succeeded  by  a  dreadful  peal  of  thunder, 
nd  that  by  the  most  Tiolent  shower  of  hail,  which  fell  only  in  and 
boat  this  town,  for  a  mile  or  two ;  there  was  very  little  of  it  at 
be  dock,  though  only  two  miles  distant.  The  hail- stones  were  u 
irge  as  small  nutmegs,  all  very  nearly  of  the  same  size  and  shape. 
!%ey  measured,  immediately  after  they  fell,  near  two  inches 
oand.  [Id.  1755. 
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0.  Thundermclapy   with  an  extraordinary  fire^bally  hunting 

at  sea. 

By  Mr.  Chalmen. 

NoY«4,  1749,  in  the  latitude  of  4^48",  longitude  »"  8",  the 
Usard  then  bore  N.  41°  6^  about  the  distance  of  569  miles,  as  Mr. 
?•  was  taking  an  observation  on  the  quarter.deck,  about  ten  mi- 
lates  before  19  o'clock,  one  of  the  quarter.masters  desired  he 
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would  look  to  windward,  wkkh  he  did,  aod  obserfdl  a  larga  MI 
of  blue  ire  rolliog  on  tiie  larfiice  of  the  water,  at  about  tkne 
niles  distaoee  from  them.    It  came  down  opon  them  to  fut,  that 
before  thej  conld  raise  the  main  tack,  thej  observed  the  ball  to 
ffiie  almost  perpendicular,  aod  not  abo?e  fortj  or  fiftj  yards  froai 
the  main  chains:  it  went  off  with  an  explosion  as  if  hundreds  of 
cannon  had  been  fired  at  once ;  and  left  so  great  a  smell  of  brin. 
stone,  that  the  ship  seemed  to  be  nothing  but  sulphur.     After  the 
noise  was  OTer,  which  did  not  last  longer  than  half  a  second,  ttnej 
found  the  matn.topmast  shattered  into  above  a  hundred  pieces,  aad 
the  mainmast  rent  quite  down  to  the  heel.     There  were  some  of 
the  spikes,  that  nailed  the  fish  of  the  mainmast,  drawn  with  such 
force  out  of  the  mast,  that  they  stuck  In  the  main  deck  so  Cist, 
that  the  carpenter  was  obliged  to  take  an  iron  crow  to  get  them 
out :   five  men  were  knocked  down,  and  one  of  them  greatly 
burnt,  by  the  explosion.    They  thought  that  when  the  ball,  which 
appeared  to  be  of  the  sise  of  a  large  millstone,  rose,  it  took  the 
middle  of  the  main-topmast,  as  the  head  of  the  mast  above  die 
bounds  was  not  splintered.    The  ball  came  down  from  the  N.  K. 
and  went  to  the  S.W.  [/A  17M. 

17.  Singular  effect  of  thunder  and  lightning  on  seOmCompoMteM. 

Id  a  letter  from  Dublin. 

Mr.  Haward,  a  very  creditable  person,  tells  me,  that  being 
once  master  of  a  ship  in  a  voyage  to  Barbadoes,  in  company  with 
another  commanded  by  one  Grafton,  of  New.England,  in  the 
latitude  of  Bermudas,  they  were  suddenly  alarmed  with  a  terriUe 
clap  of  thunder,  which  broke  Mr.  Grafton's  foremast,  tore  his 
sails,  and  damaged  his  rigging.  But  that  after  the  noise  and  con- 
fusion were  past,  Mr.  Haward,  to  whom  the  thunder  had  been 
more  favourable,  was  however  no  less  surprised  to  see  his  conu 
panion's  ship  steer  directly  homeward  again.  At  first  he  thought 
that  they  had  mistaken  their  course,  and  (hat  they  would  soon 
perceive  their  error ;  but  seeing  them  persist  in  it^  and  being  by 
this  time  almost  out  of  call,  he  tacked  and  stood  after  themi  and 
ms  soon  as  he  got  near  enough  to  be  well  understood,  asked  wheVe 
they  were  going ;  but  by  their  answer,  which  imported  that  they 
had  no  other  design  than  the  prosecution  of  their  former  intend^ 
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%n_^  A*        ^'^Pf  *^  ^  ^^  wqnel  of  their  discourse,  it  at  last  appeal 
%  ^ff    .  that  Mr.  Grafton  did  indeed  steer  by  tlie  riglit  point  of  his  coi 

1^  ^  ^         PMS9  li^  ^^^  ^^^  ^^  ^^'  turned  round,  the  north  and  soi 
y%r^  A.         points  Imring  clianged  positions ;  and  though  with  his  finger 
>fc»r^^  brought  the  ieur-de'lys  to  point  directly  north,  it  would  imme^ 

i  of  1^^         ^^ijy  »  ^^'on  as  at  liberty,  return  to  this  new  unusual  postnr 
A^c^  ^  and,  on  ^examination,  he  found  every  compass  in  the  ship  alter 

in  the  same  manner ;  which  strange  and  sudden  accident  he  cou 
impute  to  nothing  else  but  the  operation  of  the  lightning  or  thu 
der  just  mentioned.     He  adds,  that  those  compasses  nerer,  to  1 
'Cft  j^, .  knowledge,  recovered  their  right  positions  again. 

lid.  1676. 
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f'  18.  Another  imtance  of  the  above j  with  greater  damage  i 

the  VeueL 

Bj  Captain  John  Waddle. 

On  January  9,  1748-9,  the  new  ship  Dover,  l>ound  from  N< 
Tork  to  London,  l>eing  then  in  latitude  47^  30^  north,  and  looj 
tude  22^  15'  west,  from  London,  met  with  a  very  hard  storm 
wind,  attended  with  thunder  and  lightning,  as  usual,  most  part 
the  evening,  and  sundry  very  large  comazants,  as  they  are  calk 
overhead,  some  of  which  settled  on  the  spindles  of  the  top-m) 
heads,  which  burnt  like  very  large  torches  ;  and  at  9  p.  m.  a  si 
^e  loud  clap  of  thunder  with  lightning  struck  the  ship  in  a  vioh 
manner,  which  disabled  Captain  W.  and  great  part  of  the  shl 
company  in  the  eyes  and  limbs  ;  it  struck  the  mainmast  about  \ 
almost  half  through,  and  stove  the  upper  deck,  one  carling,  a 
quick- work  ;  part  of  which  lightning  got  in  between  decks,  sta 
ed  oiF  the  bulk.head,  dro?c  down  all  the  cabins  on  one  side  of  \ 
steerage,  stove  the  lower  deck,  and  one  of  the  lower  deck  m\ 
lodging. knees.  Another  part  of  it  went  through  the  starboi 
aide,  witliout  any  hurt  to  the  ceiling,  or  inside  plank  ;  and  star! 
oA'from  the  timbers  four  outside  planks,  being  the  wale  upward 
one  of  which  planks,  being  the  second  from  the  wale,  was  brc 
quite  asunder,  and  let  in :  in  about  ten  or  fifteen  minutes  tl 
xine  feet  water  in  the  ship. 

It  also  took  the  virtue  of  the  loadstone  from  all  the  compass 
teiftf  four  In  number,  all  in  good  order  before,  one  in  a  brass  a 
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three  in  woodeo  boxes.  The  bangins  compass  in  tb«  cabin  wai 
Dot  quite  so  much  disabled  as  the  rest ;  tbej  were  at  first^refy 
Dear  reversed,  the  north  to  the  south  ;  and  after  a  littie  while  ram. 
bled  about  so  as  to  be  of  no  service.  The  storm  lasted  five  days ; 
they  lost  the  mainmast  and  mizenmast,  and  almost  all  the  saiia;  and 
arrived  at  Cowes  the  2It8  of  January  in  a  very  shattered  condition. 

[PAiV.  Tran$.  1749. 

19.  Examination  of  the  preceding  Mariner^  Compass ;  and 
the  Explanation  of  the  Cause  of  its  reversed  polarity^ 

By  Gowin  Knight,  M.B.  F.R.S. 

On  examining  the  compass  struck  with  lightning,  it  appeared  that 
the  outward  case  was  joined  together  with  pieces  of  iron  wire,  six* 
teen  of  which  were  found  in  the  sides  of  the  box,  and  ten  in  the 
bottom.  Mr.  K.  applied  a  small  needle  to  each  of  these  wires^ 
and  immediately  perceived  that  the  lightning  had  made  them  strong* 
ly  magnetical ;  particularly  those  that  joined  the  sides.  All  the 
heads  of  the  wires  on  one  side  of  the  box  attracted  the  north  point 
of  the  needle  and  repelled  the  south ;  while  all  the  heads  on  the 
other  side  attracted  the  south  and  repelled  the  north ;  the  wires  at 
the  bottom  attracted  the  south  and  repelled  the  north ;  but  it  is  not 
certain  whether  this  polarity  was  anywise  owing  to  the  lightning; 
since  it  might  he  acquired  by  their  continuing  long  in  an  erect 
position. 

On  examining  the  card,  he  found  the  needle  was  vigorous  enough 
in  performing  its  vibrations,  but  that  its  polarity  was  inverted  ;  the. 
north  point  turning  contrary  to  the  south.  He  then  tried  to  take 
out  the  card,  to  examine  the  state  and  structure  of  the  needle : 
but  the  junctures,  every  where  were  wrll  secured  with  putty,  be* 
come  so  hard,  that  he  was  obliged  to  use  some  violence,  and  at 
last  broke  the  glass.  The  needle  consisted  of  two  pieces  of  steel 
wire,  each  bent  in  the  middle,  so  as  to  make  an  obtuse  angle  ;  and 
the  ends  of  these  wires  applied  together^  forming  an  acute  oue^ 
the  whole  appearing  in  the  shape  of  a  lozenge  ;  in  the  centre  of 
which  was  placed  a  brass  cap  on  which  the  card  turned.  And  so 
far  was  it  from  being  mnde  with  any  tolerable  degree  of  c-xactnessl 
that  there  was  not  the  least  care  taken  either  to  bend  the  wires  in 
the  middle,  or  to  fix  the  cap  exactly  in  the  centre  of  the  lozenge/ 
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Tbt  pin  on  whidi  it  turned,  was  made  of  a  slip  of  pUte  brast, 
duirpened  to  a  point. 

Betides  the  particulars  already  communicated  to  the  Society,  the 
captain. informed  him,  that  he  was  obliged  to  sail  above  300  leagues, 
alter  this  accident  happened,  without  a  compass,  till  he  arrived  at 
Cowes  in  the  Isle  of  Wight ;  wh^ire  being  provided  with  one,  ho 
placed  It  In  the  binacle,  but  was  much  surprised  to  find  that  it  va. 
ried  from  the  direction  it  stood  at  when  out  of  the  binacle  nearly 
two  points.  He  removed  the  binacle  to  different  parts  of  the  deck, 
but  found  that  it  always  made  the  needle  (o  vary  after  the  same 
saannc^r  when  placed  in  it.  He  repeated  the  same  experiment  lately 
ill  the  river,  with  the  like  success  ;  only  that  he  observed,  that  the 
Tariation  of  the  needle,  when  placed  in  the  binacle,  was  rather  less 
tiMUi  at  first.  It  was  natural  to  inquire  if  there  was  any  iron  about 
tho  binacle  ;  but  the  Captain  said  he  had  given  strict  charge  to  the 
■akior  not  to  put  so  much  as  a  single  nail  in  it ;  and  that  he  firmly 
btlieved  that  there  was  not  the  least  bit  of  iron  about  it. 

Being  willing  to  be  satisfied  of  the  truth  of  a  circumstance  so 
veiy  extraordinary,  the  captain  was  desired  to  send  the  binacle  to  a 
honse  in  the  city  ;  where,  in  company  with  the  Captain,  Mr.  Elli* 
eot,  and  another  gentleman,  Mr.  K.  tried  it  with  a  large  compass 
touched  by  his  bars ;  but  finding  no  sensible  variation,  they  at  that 
time  desisted,  thinking  the  fact  quite  improbable  ;  but  having  dis- 
covered the  eflfect  which  the  lightning  had  produced  on  the  wires 
which  fastened  the  sides  of  the  compass  box,  he  was  induced  toex« 
amine  the  binacle  a  second  time  ;  which  he  did  with  a  small  com* 
pnai,  and  with  great  care,  in  every  port ;  and  at  last,  about  the 
■iddle  of  the  binacle,  he  found  it  to  vary  very  sensibly,  but  could 
not  discover  any  nails  or  iron  thereabouts  ;  till  turning  it  up  to  ex* 
amine  the  bottom,  he  there  found  three  or  four  large  nails,  or  rather 
ipikea,  driven  through  it  to  fasten  the  upright  partitions  in  the  mid« 
die  of  the  binacle. 

It  would  not  be  difficult  to  explain  why  any  needles,  under  such 
drcomstances,  should  be  rendered  useless  by  lightning,  though 
tlie  needles  themselves  had  remained  unhurt.  So  many  iron  wires 
made  strongly  magnetical  would  doubtless  have  effected  it ;  and 
three  or  four  large  nails  in  the  binacle,  if  made  magnetical,  would 
alone  have  been  sufficient  to  have  done  it.  But  it  has  always  been 
noticed  that  the  polarity  of  the  needle  was  inverted  by  this  acd* 
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deot ;  and  he  further  obsertes,  that  all  neodlei  owutmctod  after 
this  manner  are  liable  to  be  rendered  oselett,  not  odIjt  bj  the 
lightning's  destroying  their  yirtne,  bnt  also  bj  its  ptadiif  it  ia  a 
particular  direction  ;  ex.  gr.  if  the  lightning  strnck  the  aecdle  in 
the  direction  of  either  of  the  two  parallel  sides  of  the  loaenge,  it 
must  strike  the  other  two  sides  Tery  obliquely ;  by  which  the  first 
two  sides  may  hare  their  polarity  destroyed,  and  a  very  strong  one 
given  them  in  the  contrary  direction  ;  while  that  of  the  other  ddeS| 
if  it  be  inverted,  will  be  very  weak ;  bat  it  is  probable  that  the 
virtue  would  be  placed  obliquely  in  the  direction  of  the  stroke ;  In 
either  case,  these  two  sides  can  contribute  but  very  little,  if  any 
thing,  in  directing  the  card  ;  and  if  the  first  two  sides  only  be  €M» 
pable  of  acting  on  it,  It  will  point  in  the  direction  of  those  sides, 
which  will  produce  a  variation  of  about  four  points. 

It  may  further  be  observed  that  a  needle  would  not  oontiiraa 
long  in  this  state,  but  would  every  day  grow  more  regular  ;  becausa 
if  the  viKue  be  placed  obliquely,  it  generally  turns  itself  in  the  iH* 
rection  of  any  piece  of  steel  that  is  long  and  slender ;  and  tliat  nay 
be  the  reason  why  this  card  is  now  bi*come  regular,  except  thM  it 
is  inverted. 

The  wires  that  join  the  box  seem  weaker  than  when  first  exa* 
mined  ;  which  makes  it  very  probable  that  they  might  be  vastly 
stronger  when  first  struck  with  the  lightning;  and  the  same  nay 
be  likewise  true,  in  regard  to  the  nails  in  the  binacle ;  which  may 
account  for  the  experiments  not  answering  exactly  the  same  ts 
at  first. 

From  what  has  been  said  it  appears,  that  this  form  of  needles  is 
very  improper,  and  ought  to  be  changed  for  that  of  one  straight 
piece  of  steel ;  and  then  if  a  needle  should  be  Inverted,  it  might 
still  be  used.  It  also  shews  the  absurdity  of  permitting  iron  of  any 
kind  about  the  compa8S.box,  or  the  binacle.  Whoever  coosiden 
the  whole  description  here  given  of  this  compass,  will  esteem  it  a 
most  despicable  instrument ;  how  then  must  any  one  be  shocked  to 
hear,  that  almost  all  the  compasses,  made  use  of  by  our  trading 
vessels  are  of  the  same  sort !  the  boxes  all  joined  with  iron  wire, 
and  the  same  degree  of  inaccuracy  observed  throughout  the  whole! 

[W.  J  749. 
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Death  of  Profeisor  Richman  by  Lightnings  with  Observatiom 

on  the  same* 

1 .  Extract  of  a  Letter  from  John  Lioiog»  M.D*  of  Cbarlestowiiy  Sooth  Caro* 
lina,  to  Charlci  Pinkney,  Esq.  London,  with  bit  Answer  to  several  Queries 
sent  to  him  concerninj^  his  Experiment  of  Electricity  with  a  Kite  *.  Dated 
CharleitAwn,  January  14,  1754. 

Inclosbd  are  answers  to  the  queries  sent  me  concerning  the 
experiment  with  the  kite.  Since  making  that  experiment  last  May, 
I  ha? e  not  bad  an  opportunity  of  making  any  more,  baring  been 
confined  all  the  summer  and  autamn  with  the  gout,  which  perhaps 
prevented  my  meeting  with  the  same  unhappy  fate  with  Professor 
Richman  of  Petersburg.  It  appears  that  the  professor  had  a  wire^ 
wliich  came  down  from  the  iron  rod,  erected  on  his  house,  through 
the  gallery.aeiling,  to  an  iron  bar,  which  stood  in  a  glass  Yessel^ 
filled  with  water  and  filings  of  brass ;  and  that  the  professor  stood 
so  near  that  iron  rod,  that  his  face  was  within  a  foot  of  it.  Now 
if  there  was  no  wire  that  went  from  that  iron  rod,  qr  from  any  part 
of  the  wire  abo?e  it,  into  the  earth,  it  is  no  great  wonder  that  tha 
professor  was  killed.  I  should  be  extremely  glad  to  be  informed^ 
whether  the  iron  rod  on  his  house,  at  the  time  the  experiment  was 
made,  had  any  communication,  by  means  of  metal,  with  the  earth« 
For  if  it  had,  there  is  then  more  danger  attending  these  cxperi. 
ments  than  I  imagined,  it  is  likewise  said  in  the  account,  that 
from  the  electrical  needle,  which  he  observed,  theie  was  no  danger* 
I  am  at  a  loss  to  know  what  that  electrical  needle  was,  and  should 
foe  glad  to  be  informed.  1  know  that  a  magnetic  needle  placed  on 
a  sharp  point  on  the  prime  conductor,  as  soon  as  the  conductor  b 
sufficiently  electrified,  will  mo?e  round  with  so  great  rapidity,  that 
in  the  dark  the  electricity,  thrown  off  from  both  poles  of  the 
needle^  will  appear  like  a  circle  of  fire. 

AnSKcrs  of  Dr.  Lining  to  the  Queries  sent  to  him. 
Query  1.  In  what  manner,  and  of  what  materials,  was  your 


*  See  OD  Dr.  FniDkliu^s  electrical  kite,  sec.  ii.  o|'this  chapter. 
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kite,  and  Aa  string  by  which  yon  flew  it,  made  ?  and  to  what 
height  did  it  rise  above  the  earth  i 

AMuer.  The  kite,  which  I  used,  was  made  in  the  common  way ; 
only,  instead  of  paper,  I  covered  it  with  a  silk,  called  alanode. 
The  line  wu  a  common  small  hempen  one  of  three  strands.  A 
silk  line,  except  it  had  been  kept  continually  wet,  would  not  coo- 
duct  the  electricity ;  and  a  wire,  besides  other  inconveniendes, 
wonid  have  been  too  heavy.  I  had  not  any  instrument  to  take 
the  height  of  the  kite;  but  believe  it  was  at  least  250  feet  h^. 
It  was  flown  in  the  day.time. 

Query  9. — You  say  also,  ^^  jill  the  electrical  fluid»  or  light, 
nlng,  was  drawn  from  the  cloud,  and  discharged  in  the  air ;  and  a 
greater  degree  of  serenity  succeeded,  and  no  more  of  the  awfvl 
noise  of  thunder,  before  expected,  was  heard.'*  Now  I  should  be 
glad  yon  would  inform  us,  whether  the  serenity  in  the  air  wu 
inch,  as  generally  follows,  after  the  clouds  in  the  summer  thuider. 
storms  have  discharged  several  loud  thunder-claps ;  and  whether 
any  flashes  of  lightning  appeared  in  the  skies,  after  yon  had  dis. 
ehaiged  the  cloud  of  its  lightning  by  the  kite,  as  commonly  do 
after  a  thunder-storm  is  over  in  a  summer's  night  ?  for  if  there 
were  no  appearance  of  such  flashes,  then  I  think  yonr  assertion, 
that  mil  the  electric  fluid,  or  lightning,  was  drawn  from  the  ciond, 
stands  full  proved  ;  but  if  there  were  such  flashes  after,  I  con- 
ceive there  must  have  been  some  of  the  electrical  matter  left 
behind. 

Anszser. — During  the  time  of  my  drawing  the  lightning  from 
the  cloud,  and  fof  some  little  time  afterward,  it  rained  ;  by  which 
means,  the  body  of  the  cloud  being  diminished,  a  greater  degree  of 
serenity  necessarily  succeeded  ;  and  the  quantity  of  lightning  ai» 
tracted  from  the  cloud,  or  rather  its  atmosphere,  proved  sufficient 
to  prevent  any  thunder  in  town  that  afternoon ;  though  there  was 
a  great  appearance  of  thunder  before  the  kite  was  raised.  £nt 
.  whether  the  same  serenity  succeeded,  as  frequently  happens  after 
a  thunder*storm,  and  whether  there  were  any  flashes  of  lightning 
seen  in  the  evening,  I  cannot  now  recollect.  If  such  flashes  had  after, 
wards  been  seen  in  the  skies,  as  is  common  in  a  summer's  evening, 
especially  after  a  thunder-storm,  those  might  proceed  from  other 
clouds,  which  had  passed  the  town,  at  too  great  a  distance  to  be 
acted  on  by  the  kite- 
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Etoctrlfied  doodi  kire  an  tlectrieal  ■taofplMTty  m  wtU'  M  Um 
prina  conductor,  w)ieii  it  is  electrified ;  and  ihe  diMneter  of  that 
«taioipherey  ciettria  paribus,  will  bear  some  proporttOB  to  tlM  riie 
of  tbe  dottd.    My  smallest  prime  coadoctor  k  2f  lockes  diame. 

m 

ter ;  and  when  it  is  fally  charged,  its  atmosphere  extends  to  the 
Pittance  of  abont  three  feet  from  the  surface  of  the  condactor. 
How  ((teat  then  roust  the  extent  be  of  the  atmosphere,  which  anr- 
roviida  a  large  cloud  fully  electrified  ?  It  perhaps  may  extend  to 
aany  hundreds  of  feet  round  the  cloud,  and  may  eren  reach  so 
low  as  to  touch  the  surface  of  the  earth  :  and  when  that  is  the  case, 
m  man,  or  a  rod  of  metal,  placed  on  a  cake  of  resin  on  the  ground, 
naj  be  electrified,  and  yield  sparks  of  fire.  When  a  sharp  point 
U  presented  to  that  atmosphere^  it  cannot  deprire  the  cloud  of  its 
whole  quantity  of  electricity,  except  the  sharp  point  be  so  nofir, 
that  the  cloud  may  explode  upon  it ;  and  in  that  case  the  cloud 
most  have  a  communication  with  the  ground,  by  means  of  some 
Bon.electric  body.  Suppose  an  electrified  cloud  to  have  an  atmos. 
phere,  which  extends  round  it  to  the  distance  of  ninety  feet  from 
Ka  surface  ;  and  let  that  atmosphere  be  ditided  into  three  parts,  A, 
B,  and  C,  each  thirty  feet  in  diameter :  now,  if  a  sharp  metalline 
point  erected  on  a  kite,  or  other wbe,  be  placed  either  yertically 
dr  borixontally  in  the  most  interior  part  of  the  atmosphere  C,  that 
point  will  continue  to  act  till  a  quantity  of  the  lightning  is  drawn 
ofl^  equal  to  the  quantity  contained  in  that  atmosphere,  and  no 
longer.  For  then  the  semidiaroeter  of  the  atmoaphere  being  re- 
duced to  do  feet,  every  part  of  it  is  above,  and  not  in  contact  with 
the  sha^p  point,  and  consequently  beyond  its  sphere  of  action. 
Bnt  let  the  sharp  point  be  then  advanced  into  the  atmosphere  B,  and 
it  will  act  as  before,  Sec, 

The  truth  of  this,  however  contradictory  it  may  be,  to  the  ge. 
■oral  opinion  of  the  action  of  sharp  points,  in  drawing  off  the  olec 
tridty  or  lightning*,  may  be  illustrated  by  the  following  emperu 
ments  on  the  prime  conductor.  £lectrify  the  prime  conductor  in 
a  dark  room,  aod  draw  back  the  globe  to  a  sufficient  distance 
from  the  prime-conductor,  to  prevent  its  being  supplied  with  any 
more  electricity  from  the  globe,  while  you  are  taking*  off  the  elec* 

•  Mr.  Franklin  says,  speaking  of  sharp  points,  '<  At  whatever  distance  you 
ice  the  light,  yon  may  draw  oif  the  electrical  fire,"  page  2.«-Orif . 
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trical  atmotplMre  with  a  sharp  point.  Bring  then  a  sharp  pdint, 
dther  Terticallf  or  horizontally,  or  in  anj  other  directioo^  wtthio 
two  feet  of  the  prime  conductor  ;  and  the  point,  for  some  time, 
will  appear  lominoas.  After  that  light  disappears  ad?moce  the 
point  three  or  four  inches  nearer  to  the  conductor,  and  yon  will 
obserre  the  same  phenomena  as  liefore;  and  by  adfancing  the  point 
gradually  in  this  manner,  as  the  light  on  it  disappears,  the  point 
will  be  alternately  luminous  and  dark,  till  yon  hare  taken  off  the 

>  whole  atmosphere  in  different  laminae.  As  the  point  appears  more 
and  more  luminous,  the  nearer  that  it  approachef  the  prime-con* 
ductor,  the  electrical  atmosphere  may  hare  different  degrees  of 
density,  being  perhaps  denser  near  the  prime-conductor,  and  rar. 
er  at  a  greater  distance  from  it.  If  a  phial  be  charged  on  the 
prime«<onductor,  when  this  experiment  is  made,  the  light  on  the 
sharp  point  will  be  much  greater,  and  continue  longer. 

Query  3. — Did  you  make  any  trial  at  what  distance  yon  conld 

.  kill  an  animal,  with  a  discharge  of  the  electrical  fluid  from  the  key 

.   or  the  bottle  suspended  to  it  ? 

Answer, — I  have  not  hitherto  had  an  opportunity  of  making 
any  such  experiment  with  the  kite.  But  as  to  the  first,  I  appre* 
hend,  that  no  animal  could  be  killed  by  the  discharge  of  any 
quantity  of  electricity  accumulated  oti  the  key ;  as  the  key  in  that 

,.  experiment  answers  the  same  end  as  the  prime.conductor  ;  and, 

,  like  it,  is  capable  of  receiving  onlj^  a  certain  charge  of  electricity, 
except  the  lightning  flows  down  the  line  too  fast,  or  the  kite  bo. 

,  so  near  the  cloud  that  it  may  explode,  when  one  standing  on  the 
ground  approaches  the  key  to  draw  sparks  from  it :  but  such  an 
explosion  would  probably  be  fatal  to  the  operator.  When  a  phial 
is  suspended  to  the  key,  after  it  has  received  its  charge,  if  you  let 
it  continue  hanging  on  the  key,  the  surcharge  will  fly  off  from  the 
book  of  the  phial,  and  tb.e  phial,  when  charged  In  that  manner^ 

.  will  not  give  a  greater  shock  than  if  it  had  been  charged  in  tho 
common  way  with  the  globe. 
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«.  Answer  to  Dr.  Lining's  Query  relatiye  to  tht  Deatii  of  Profeiior  Ricliraan. 

By  Mr.  William  Watson,  F.R.S. 

Dr.  Lining's  letter  of  the  11th  of  January,  1754,  being  com- 
miinicated  to  the  Royal  Society  by  Charles  Pinkney,  Esq.  that 
learned  body  referred  it  to  Mr.  Watson,  one  of  their  memberSi  in 
order  that  the  best  information,  that  could  be  procured  on  this 
snbject,  should  be  transmitted  to  Dr.  Lining,  for  whose  corre. 
spondence  the  Society  had  for  many  years  had  a  very  particalar 
attention.  Mr.  Watson  imagined,  that  it  would  be  agreeable  to 
Dr.  Lining,  as  his  abode  is  so  remote  from  Petersburgh,  where 
the  accident  happened,  to  have  transmitted  to  him  not  only  the 
answer  to  what  he  more  particularly  requests,  but  also  as  general 
an  account  of  erery  thing  relating  to  so  uncommon  an  accident,  as 
could  be  procured. 

The  description  [of  Professor  Richman's  apparatus,  as  sent  by 
hioMelf  to  Professor    Heinsius  of  Leipsic,  he  called  an  electrical 
gnomon.    To  the  construction  of  this  gnomon  were  necessary  a 
rod  of  metal,  a  glass  jar,  a  linen  thread,  of  a  foot  and  a  half  in 
length,  to  one  end  of  which  was  fastened  half  a  grain  of  lead,  and 
a  quadrant.     A  rod  of   metal   was  placed    in   the  glass  Tessel 
which  contained  filings  of  metal.     The  linen  Iks  Sid  was  fastened 
to  the  rod,   and,  when  the  apparatus    is  not    electrized,  hangs 
perpendicularly  down.     The  radius  of  the  quadrant,  which  was 
divided  into  degrees,  was  two  lines  more  than  a  foot   and  a 
half  in  length.     And  here  must  Le  added  an  account  of  the  other 
part  of  the  apparatus,  which  was  to  communicate  the  electricity 
to  the  gnomon  during  a  thunder-storm.    Through  a  glass  bottle» 
the  bottom  of  which  was  perforated,  passed  an  iron  rod,  which 
was  kept  in  its  place  by  means  of  a  cork  fixed  to  the  mouth 
of  this  bottle,  through  which  cork  likewise  was  inserted  the  iron 
rod.     A  tile  was  removed  from  the  top  of  the  house  ;  and  on  this 
opening  was  placed  the  bottle,  supported  by  the  neighbouring  tiles, 
in  such  manner  that  one  end  of  the  iron  rod  was  not  only  four  or  five 
l^t  abore  the  top  of  the  house ;  but  the  other  end,   which  cam© 
through  the  bottom  of  the  bottle,  did  no  where  touch  the  tiles,  or 
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aoj  other  part  of  the  house.  To  this  end  of  the  iron  rod  wu 
fastened  an  iron  chain,  which  was  conducted  into  the  chamber  of 
Professor  Richman,  on  electrics  per  se,  so  as  no  where  to  toudjL 
the  building.  The  entrance  to  this  chamber  faced  the  north ;  aiid|; 
at  the  south  end  of  it  there  was  a  window,  near  which  stood  a  • 
table  four  feet  in  height.  On  this  the  professor  placed  his  electrical 
gnomon,  and  connected  it  with  the  chain,  which  was  brought  under 
the  ceiling  of  the  room  over  this  table,  and  communicated  with  thfl 
apparatus  on  the  top  of  the  house,  by  means  of  a  wire  whidi 
hung  from  the  chain,  and  was  joined  there  by  a  little  rii^ 
and  communicated  with  the  rod.  When  the  iron  rod  at  the  top 
of  the  house  was  affected  by  the  thunder,  or  otherwise  suitable 
condition  of  the  atmosphere,  the  thread  before-mentioned  devi- 
ated from  the  perpendicular  ;  as  it  would  also  do,  if  artificiallj 
electrized.  The  Professor  always  observed  a  greater  ascent 
of  the  thread  from  artificial  electricity  than  by  tliat  from  tke 
atmosphere.  By  the  former,  he  had  seen  it  on  the  qaadraot 
describe  an  angle  of  above  55^,  but  never  above  30  by  the  latter. 
In  the  year  I75t,  August  0,  the  apparatus  acquired  so  great  a  de» 
gree  of  electricity  from  the  atmosphere,  that  from  the  end  of  tlM 
rod  the  electrical  flashes  might  be  heard  at  several  feet  distance* 
Under  these  circumstances,  if  anyone  touched  the  apparatus^  t1ie)r 
felt  a  sharp  stroke  in  their  hand  and  arm. 

Professor  Richa|an  sometimes  added  to  this  apparatus  a  glass 
bottle  of  water,  fiRer  the  manner  of  Professor  Muschenbroek, 
adapted  to  a  vessel  of  metal  placed  on  glass.  The  wire  from 
the  mouth  of  the  bottle  of  water,  during  the  time  of  the  than* 
der,  he  caused  to  communicate  with  another  wire.  From  thli 
addition  he  found  the  electricity  from  the  atmosphere  more  vehe* 
ment  than  it  was  without  it.  This  he  first  observed  on  May  51, 
1753,  when  the  electrical  fire  exploded  with  such  a  force,  that 
it  might  be  heard  at  the  distance  of  three  rooms  from  the  appara. 
tus.  On  the  left  hand  of  the  bottle  was  placed  a  second  eleo* 
trical  gnomon.  When- this  was  made  use  of,  the  wire  of  the  one 
metal,  and  the  wire  of  the  other,  were  connected  with  a  prime  con* 
ductor  from  an  apparatus  for  artificial  electricity,  viz.  a  glass  globe^ 
&c.  At  the  same  time  also,  from  the  chain  was  fastened  a  piece 
Of  wire  in  contact  with  the  vessel,  fiy  these  means,  when  the 
electrical  machine  was  pat  in  motion,  both  the  electrical  gaomoaa 
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were  electrified  ;  but  this  went  off,  in  a  great  measure,  as  soon  as 
tke  motion  of  the  machine  ceased.  By  this  whole  apparatus  takeft 
together,  Professor  Richman  observed  a  kind  of  reciprocation  in 
the  effects  of  electricity ;  for  at  first,  when  the  electrical  macliiBa 
was  pot  in  motion,  both  the  linen  threads  arose  with  the  degreei 
of  their  respective  quadrants.  If  then  the  wire  of  the  right 
gnomon  was  touched,  the  right-hand  thread  collapsed  to  the  rod; 
bat  the  thread  on  the  left  side  continued  diverging  as  before  tho 
touch.  Also,  if  the  wire  of  the  left  gnomon  was  touched^ 
then  in  its  turn  the  thread  at  the  rod  of  the  right  gnomon  coL 
lapsed^  and  the  thread  of  the  ri^^ht  gnomon  ascended  again. 
rUs  reciprocation  of  the  ascending  and  descending  of  the  thread, 
iiigbt  be  repeated  three  or  four  times  without  exciting  the  ma» 
chine  anew. 

The  ingenious  and  industrions  Professor  Richman  lost  his  life  on 
tho  6th  of  August,  1753,  as  he  was  observing,  with  Mr.  Sokolow, 
eiigraver  to  the  Royal  Academy  at  Petersburgh,  the  effects  of 
slectridty  on  his  gnomon,  during  a  thunder-storm.  As  soon  as 
Us  death  was  publicly  known,  it  was  imagined  that  the  lightning 
vat  more  particularly  directed  into  his  room  by  the  means  of  his 
before-mentioned  apparatus.  And  when  this  affair  was  more  in* 
g[ured  into,  this  opinion  appeared  to  be  not  ill-founded ;  for  Mr. 
Sokolow  saw  that  a  globe  of  blue  fire,  as  large  as  his  fist,  jumped 
from  the  rod  of  the  right  gnomon,  towards  the  forehead  of 
Professor  Richman,  who  at  that  instant  was  at  about  a  foot  dis- 
tance from  the  rod,  observing  the  electrical  index.  This  globe  of 
fire,  which  struck  Professor  Richman,  was  attended  with  a  report 
It  loud  as  that  of  a  pistol.  The  nearest  metal  wire  was  broken  in 
pieces,  and  its  fragments  thrown  on  Mr.  Sokolow's  clothes,  from 
their  heat,  burnt  marks  of  their  dimensions  on  them.  Half  of  the 
{last  vessel  was  broken  off,  and  the  tilings  of  metal  in  it  were 
thrown  about  the  room.  Hence  it  is  plain,  that  the  force  of  the 
jghtning  was  collected  on  the  right  rod,  which  touched  the 
Uings  of  metal  in  the  glass  vessel.  On  examining  the  effects  of 
lightning  in  the  Professor's  chamber,  they  found  the  door-case 
iplU  lialf  through,  and  the  door  torn  off,  and  thrown  into  the 
chamber.  The  lightning  therefore  seems  to  have  continued  its 
coarse  along  the  cbain^  conducted  under  the  celling  of  the  ro6m ; 
bnt  that  it  came  from  the  apparatus  at  the  top  of  the  house  to  the 
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door,  and  then  into  the  cbamber,  does  not,  as  far  as  Can  he  recol- 
lected, appear. 

If  indeed  it  could  be  ascertained,  that  the  lightning,  which  was 
the  death  of  Professor  Richman,  was  collected  on  the  apparatus, 
for  this  reason,  because  these  bodies,  at  the  instant  of  the  light, 
tiing,  were  capable  of  attracting  and  retaining  the  electricitjr,  it 
would  then  be  in  our  power  sometimes  to  divert  the  effects  of 
lightning.  But  of  this  fact,  more  time  and  longer  experience  most 
acquaint  us  with  the  truth. 

Hence  Mr.  Pinkney  may  acquaint  Dr.  Lining,  that  In  Mr. 
Watson's  opinion,  at  the  time  Professor  Richman  was  killed,  his 
apparatus  was  perfectly  insulated,  and  had  no  communication  with 
the  earth,  by  the  means  of  metallic  or  other  substances,  T(*adily 
conducting  electricity,  and  that  the  great  quantity  of  electricity, 
with  which,  from  the  vastness  of  the  cause,  the  apparatus  was 
replete,  discharging  itself  through  the  Professor's  body,  being  the 
nearest  non.electric  substance  in  contact  with  the  floor,  and  was 
unfortunately  the  cause  of  his  death.  This,  it  is  presumed,  would 
not  have  happened,  had  the  chain,  or  any  other  part  of  the  appa. 
ratus,  touched  the  floor,  by  which  the  electricity  would  hare  been 
readily  communicated  to  the  earth. 

Since  the  reading  of  the  above  to  the  Royal  Society,  a  treatise 
in  Latin,  iotitled,  Oratio  de  Meteoris  t1  Electrica  Ortis,  by  Mr. 
Lomonosow,  of  the  Royal  Academy  of  Sciences  at  Petersburg, 
has  been  transmitted  to  the  Society.  By  this,  among  many  other 
curious  facts,  we  have  been  informed  of  certain  particulars  in  re* 
gard  to  the  death  of  Professor  Richman  ;  of  which  the  following 
may  not  be  improper  to  be  inserted  here. 

Mr.  Lomonosow  observes,  that  with  regard  to  the  sudden  death 
of  the  gentleman  before.mentioned,  the  accounts,  communicated 
to  the  public,  contained  some  circumstances  not  fairly  stated,  and 
others  of  some  importance  were  entirely  omitted.  With  regard  to 
the  first,  it  is  incontestably  true,  that  the  window,  in  the  room 
where  Professor  Richman  was,  had  continued  shut,  that  the 
wind  might  have  no  effect  on  his  electrometer ;  but  that  the 
window  in  the  next  room  was  open,  and  the  door  between 
these  two  rooms,  was  half  open  ;  so  that  the  draught  of  air  might 
justly  be  suspected  to  have  followed  the  direction  of  the  iron  con. 
ductor  of  the  Professor's   apparatus;    that  his  conductor  came 
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from  the  top  of  the  house^  aad  was  continaed  as  far  as  necessary* 
Secondly.  That  his  conductor  was  not  placed  far  from  that  door. 
case^  part  of  which  was  torn  off.  Thirdly.  That  at  this  time  no 
use  was  made  of  the  Ley  den  bottle,  mentioned  in  the  preceding 
accoont;  but  the  iron  was  inserted  into  a  glass  stand,  to  prevent 
the  dissipation  of  the  electrical  power,  and  that  the  gnomon  should 
abow  its  real  strength. 

With  regard  to  the  second,  there  has  as  yet  been  no  mention^ 
that  Professor  Richman,  at  the  time  of  his  deaih,  had  seventy 
rubles  (a  silver  coin)  in  his  left  coat. pocket,  which  by  this  acci- 
dent were  not  in  the  least  altered.  Secondly.  That  his  clocks 
which  stood  in  the  corner  of  the  next  roo:n,  between  the  open 
window  and  the  door,  was  stopped ;  and  that  the  ashes  from 
the  hearth  were  thrown  about  the  room.  Thirdly.  That  many 
persons  without  doors  declared  their  having  actually  seen  the  light- 
ning shoot  from  the  cloud  to  the  Professor's  apparatus  at  the  top 
of  his  house.  In  the  Phil.  Trans,  is  uiven  a  view  of  the  chamber, 
where  the  Professor  was  struck  by  the  lightning:  who  stood 
with  his  head  projecting  towards  his  electrometer  ;  n^'ar  stood  Mr. 
Sokolow  the  engraver;  from  the  door  a  piece  was  torn  off,  and 
csnrried  forward  ;  part  of  the  door-case  was  also  rent. 

In  this  treatise  Mr.  Lomonosow,  among  other  phaenomena  of 
electricity,  takes  notice,  that  he  once  saw,  in  a  storm  of  thunder 
and  lightning,  brushes  of  electrical  fire,  with  a  hissing  noise,  com- 
municate between  the  iron  rod  of  his  apparatus  and  the  side  of  his 
window ;  and  that  these  were  three  feet  in  length,  and  a  foot  in 
breadth.  Effects  like  these  no  one  but  himself  has  had  the  oppor- 
tunity of  observing. 

[PA«7.  Trans.  1754. 


[    S62    ] 


CHAP.  XUV. 


ON  MAGNETISM. 


SECTION   I. 

General  Remarks  on  the  Theory  and  Earts  of  MagnetUm. 

X  HE  theory  of  magnetism  bears  a  very  strong  resemblance  to  that 
of  electricity,  and  it  must  therefore  be  placed  ne^r  it  in  a  system  of 
natural  philosophy.  We  haye  seen  the  electric  flnid  not  only 
exerting  attractions  and  repulsions,  and  causing  a  peculiar  distii* 
bution  of  neighbouring  portions  of  a  fluid  similar  to  itself,  bat 
also  excited  in  one  body,  and  transferred  to  another,  In  such  a 
manner  as  to  be  perceptible  to  the  senses,  or  at  least  to  cause  sou 
sible  effects,  in  its  passage.  The  attraction  and  repulsion,  and  the 
peculiar  distribution  of  the  neighbouring  fluid,  are  found  in  the 
phenomena  of  magnetism  ;  but  we  do  not  perceive  that  there  is 
ever  any  actual  excitation,  or  any  perceptible  transfer  of  the  mag* 
netic  fluid  from  one  body  to  another  distinct  body  ;  and  it  has  also 
this  striking  peculiarity,  that  metallic  iron  is  very  nearly,  if  not 
absolutely,  the  only  substance  capable  of  exhibiting  any  indications 
of  its  presence  or  activity. 

For  explaining  the  phenomena  of  magnetism,  we  suppose  the 
particles  of  a  peculiar  fluid  to  repel  each  other,  and  to  attract  the 
particles  of  metallic  iron  with  equal  forces,  diminishing  as  the  square 
of  the  distance  increases  ?  and  the  particles  of  such  iron  must  also 
be  imagined  to  repel  each  other,  in  a  similar  manner.  Iron  and 
steel,  when  soft,  are  conductors  of  the  magnetic  fluid,  and  become 
less  and  less  pervious  to  it  as  their  hardness  increases.  The  ground 
work  of  this  theory  is  due  to  Mr.  Aepinus,  but  the  forces  have 
been  more  particularly  investigated  by  Coulomb  and  others. 
There  are  the  same  objections  to  these  hypotheses  as  to  those  which 
constitute  the  theory  of  electricity,  if  considered  as  original  and 
fundamental  properties  of  matter :  and  it  is  additionally  difficult 
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to  imagiM,  why  irooi  and  iron  only,  whether  apparently  magne. 
tic  or  not)  should  repel  similar  particles  of  iron  with  a  peculiar 
force,  which  happens  to  be  precisely  a  balance  to  the  attraction  of 
the  magnetic  fluid  for  iron.  This  is  obfiously  improbable ;  but  the 
hypotheses  are  still  of  great  utility  in  assisting  us  to  generalize,  and 
to  retain  in  memory,  a  number  of  particular  facts  which  would 
otherwise  be  insulated.  The  doctrine  of  the  circulation  of  streams 
of  the  magnetic  fluid  has  been  justly  and  universally  abandoned,  and 
some  .other  theories,  much  more  ingenious  and  more  probable,  for 
instance  that  of  Mr.  Provost,  appears  to  be  too  complicated,  and 
too  little  supported  by  facts,  to  require  much  of  our  attention. 

The  distinction  between  conductors  and  non-conductors  is,  with 
respect  to  the  electric  fluid,  irregular  and  intricate  ;  but  in  mag. 
Betism,  the  softness  or  hardness  of  the  iron  or  steel  constitutes  the 
only  difference.  Heat,  as  softening  iron,  must  consequently  ren. 
der  it  a  conductor ;  even  the  heat  of  boiling  water  affects  it  in  a 
certain  degree,  although  it  can  scarcely  be  supposed  to  alter  its 
temper ;  but  the  effect  of  a  moderate  heat  is  not  so  considerable  in 
magnetism  as  in  electricity.  A  strong  degree  of  heat  appears,* 
from  the  experiments  of  Gilbert^  and  of  Mr.  Cavallo,  to  destroy 
completely  all  magnetic  action. 

It  is  perfectly  certain  that  magnetic  affects  are  produced  by 
quantities  of  iron  incapable  of  being  detected  either  by  their  weight 
or  by  any  chemical  tests.  Mr.  Cavallo  found  that  a  few  particles 
of  steel,  adhering  to  a  hone,  on  which  the  point  of  a  needle  was 
slightly  rubbed,  imparted  to  it  magnetic  properties;  and  Mr.  Cou. 
lomb  i^s  observed  that  there  are  scarcely  any  bodies  in  nature 
which  do  not  exhibit  some  marks  of  being  subjected  to  the  influence 
of  magnetism,  although  its  force  is  always  proportional  to  thequan. 
tity  of  iron  which  they  contain,  as  far  as  that  quantity  can  be  ascer- 
tained ;  a  single  grain  being  sufficient  to  make  20  pounds  of  ano- 
ther metal  sensibly  magnetic.  A  combination  with  a  large  pro* 
portion  of  oxygen  deprives  iron  of  the  whole  or  the  greater  part 
of  its  magnetic  properties ;  finery  cinder  is  still  considerably  mag. 
netic,  but  the  more  perfect  oxids  and  the  salts  of  iron  only  in  a 
slight  degree ;  it  is  also  said  that  antimony  renders  iron  incapable 
of  being  attracted  by  the  magnet.  Nickel,  when  freed  from  arse, 
nic  and  from  cobalt,  is  decidedly  magnetic,  and  the  more  so  as  it 
contains  less  iron.    Some  of  the  older  chemists  supposed  nickol  to 
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be  a  compound  metal  containing  Iron,  and  we  may  still  TeofiiTO 
to  assume  this  opinion  as  a  magnetical  hypothesis.  There  is  in* 
deed  no  fray  of  demonstrating  that  it  b  impossible  for  two  sub* 
stances  to  be  so  united  as  to  be  incapable  of  separation  by  the  art 
of  the  chemist ;  had  nickel  been  as  dense  as  platina,  or  as  light  as 
cork,  we  could  not  ha?e  suppose  d  that  it  contained  any  consider- 
able quantity  of  iron,  but  in  fact  the  specitic  gravity  of  these  me. 
tals  is  very  nearly  the  same,  and  nickel  is  never  found  in  nature 
but  in  the  neighbourhood  of  iron  ;  we  may  therefore  suspect,  with 
some  reason,  that  the  hypothesis  of  the  existence  of  iron  in  nickel 
may  be  even  chemically  true.  The  aurora  borealis  is  certainly  in 
some  measure  a  magnetical  phenomenon,  and  if  iron  were  the  only 
substance  capable  of  exhibiting  magnetic  eflfects,  it  would  follow 
that  some  ferruginous  particles  must  exist  in  the  upper  regions  of 
the  atmosphere.  The  light  usually  attending  this  magnetical  meteor 
may  possibly  be  derived  from  electricity,  which  may  be  the  imme* 
diate  cause  of  a  change  of  the  distribution  of  the  magnetic  fluid, 
contained  in  the  ferruginous  vapours,  that  are  imagined  to  fioat  ia 
the  air. 

We  are  still  less  capable  of  distinguishing  with  certalntj  in 
magnetism,  than  in  electricity,  a  positive  from  a  negative  state,  or 
a  real  redundancy  of  the  fluid  from  a  deficiency.  The  north  pole  of 
a  magnet  may  be  considered  as  the  part  in  which  the  magnetic  floid 
is  either  redundant  or  deficient,  provided  that  the  south  pole  be 
understood  in  a  contrary  sense:  thus,  if  the  north  pole  of  a  magoet 
be  supposed  to  be  positively  charged,  the  south  pole  must  be  ima- 
gined to  be  negative  ;  and  in  hard  iron  or  steel  these  poles  ipay  be 
considered  as  unchangeable. 

A  north  pole,  therefore,  always  repels  a  north  pole,  and  attracts 
a  south  pole.  And  in  a  neutral  piece  of  soft  iron,  near  to  the 
north  pole  of  a  magnet,  the  fluid  becomes  so  distributed  by  induc- 
tion, as  to  form  a  temporary  south  pole  next  to  the  magnet,  and 
the  whole  piece  is  of  course  attracted,  from  the  greater  proximity 
of  the  attracting  pole.  If  the  bar  is  sufRciently  soft,  and  not  too 
long,  the  remoter  end  becomes  a  north  pole,  and  the  whole  bar  a 
perfect  temporary  magnet.  But  when  the  bar  is  of  hard  steel,  tho 
state  of  induction  is  imperfect,  from  the  resistance  opposed  to  the 
motion  of  the  fluid  ;  hence  the  attraction  is  less  powerful,  and  an 
opposite  pole  is  formed^  at  a  certain  distance^  within  the  bar ;  and 

beyond 
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beyond  this  aaoiher  pole,  similar  to  the  first ;  the  alternation 
being  sometimes  repeated  more  than  once.  The  distribution  of 
the  fluid  within  the  magnet  is  also  afiected  by  the  neighbourhood 
of  a  piece  of  soft  iron,  the  north  pole  becoming  more  powerful  by 
the  Ticinity  of  the  new  south  pole,  and  the  south  pole  being  conse* 
qnently  strengthened  in  a  certain  degree  ;  so  that  the  attractive 
power  of  the  whole  magnet  is  increased  by  the  proximity  of  the 
iron.  A  weak  magnet  is  capable  of  receiving  a  temporary  indue, 
tion  of  a  contrary  magnetism  from  the  action  of  a  more  powerful 
one,  its  north  pole  becoroini;  a  south  pole  on  the  approach  of  a 
stronger  north  pole;  but  the  original  south  pole  still  retains  its 
situation  at  the  opposite  end,  and  restores  the  magnet  nearly  to  its 
original  condition,  after  the  removal  of  the  disturbing  cause. 

The  polarity  of  magnets,  or  their  disposition  to  assume  a  certain 
direction,  is  of  still  greater  importance  than  their  attracti?e  power. 
If  a  small  magnet,  or  simply  a  soft  wire,  be  poised  on  a  centre,  it 
will  arrange  itself  in  such  a  direction,  as  will  produce  an  eqoili. 
briom  of  the  attractions  and  repulsions  of  the  poles  of  a  larger 
magnet ;  being  a  tangent  to  a  certain  oyal  figure,  passing  through 
those  poles,  of  which  the  properties  hare  been  calculated  by  Ta« 
rioas  mathematicians.  This  polarity  may  easily  be  imitated  by 
electricity  ;  a  suspended  wire  being  brought  near  to  the  ends  of  a 
positiTe  and  negative  conductor,  which  are  placed  parallel  to  each 
other,  as  in  Nairne's  electrical  machine,  its  position  is  perfectly 
similar  to  that  of  a  needle  attracted  by  a  magnet,  of  which  those 
conductors  represent  the  poles. 

The  same  effect  is  observable  in  iron  filings  placed  near  a  mag. 
net,  and.  they  adhere  to  each  other  in  curved  lines^  by  virtue  of 
their  induced  magnetism,  the  north  pole  of  each  particle  being 
attached  to  the  south  pole  of  the  particle  next  it.  This  arrange, 
ment  may  be  seen  by  placing  the  filings  either  on  clean  mercury, 
or  on  any  surface  that  can  be  agitated  ;  and  it  may  be  imitated  by 
strewing  powder  on  a  plate  of  glass,  supported  by  two  balls, 
which  are  contrarily  electrified. 

The  polarity  of  a  needle  may  often  be  observed  when  it  exhibits 
DO  sensible  attraction  or  repulsion  as  a  whole ;  and  this  may  easily 
be  understood  by  considering  that  when  one  end  of  the  needle  is 
repelled  from  a  given  point,  and  the  other  is  attracted  towards  it, 
the  two  forces,  if  equal^  will  tend  to  turn  it  round  its  centre,  but 

will 


366  ON    MAONETim* 

will  wbollj  destroy  each  otber^s  effects  with  respect  to  any  progres- 
site  motion  of  the  whole  needle*  Thus,  when  the  end  of  a  magnet 
Is  placed  under  a  surface  on  which  iron  filings  are  spread,  and  the 
Surface  is  shaken,  so  as  to  leave  the  particles  for  a  moment  m  the 
air,  thej  are  not  drawn  sensibly  towards  the  magnet^  but  their 
ends,  which  are  nearest  to  the  point  oyer  the  magnet,  are  turned 
a  little  downwards,  so  that  they  strike  the  paper  further  and  fnr. 
ther  from  the  magnet,  and  then  fall  outwards,  as  if  they  were 
repelled  by  it. 

The  magnets,  which  we  have  hitherto  considered,  are  such  as 
have  a  simple  and  well  determined  form  ;  but  the  great  compound 
magnet,  which  directs  the  mariner's  compass,  and  which  appears 
to  consist  principally  of  the  metallic  and  slightly  oxidated  iron, 
contained  in  the  internal  parts  of  the  earth,  is  probably  or  a  te 
more  intricate  structure,  and  we  can  only  judge  of  its  nature  from 
the  various  phaenomena  derived  from  its  influence. 

The  accumulation  and  the  deficiency  of  the  magnetic  fluid,  which 
determine  the  place  of  the  poles  of  this  magnet,  are  probably  in 
fact  considerably  difiused,  but  they  may  generally  be  imagined^ 
without  much  error  in  the  result,  to  centre  in  two  points,  one  of 
them  nearer  to  the  north  pole  of  the  earth,  the  other  to  the  soath 
pole.  In  consequence  of  their  attractions  and  repulsions,  a  needle 
whether  previously  magnetic  or  not,  assumes  always,  if  freely 
poised,  the  direction  necessary  for  its  equilibrium ;  which,  in 
various  parts  of  the  globe,  is  variously  inclined  to  the  meridian  and 
to  the  horizon.  Hence  arises  the  use  of  the  compass  in  navigation 
and  iu  surveying  :  a  needle,  which  is  poised  with  a  liberty  of  hori. 
zontal  motion,  assuming  the  direction  of  the  magnetic  meridian, 
which  for  a  certain  time  remains  almost  invariable  for  the  same 
place ;  and  a  similar  property  is  also  observable  in  the  dipping 
needle,  which  is  moveable  only  in  a  vertical  plane ;  for  when  this 
plane  is  placed  in  the  magnetic  meridiad,  the  needle  acquires  an 
inclination  to  the  horizon,  which  varies  according  to  the  situation 
of  the  place  with  respect  to  the  magnetic  poles. 

The  natural  polarity  of  the  needle  may  be  in  some  meainr* 
illustrated  by  inclosing  an  artificial  magnet  in  a  globe ;  the  direc- 
tion of  a  small  needle,  suspended  over  any  part  of  its  surface^ 
being  determined  by  the  position  of  the  poles  of  the  magnet^  in 
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sane  manner  as  the  direction  ef  the  compast  it  determined  by 
the  tkiagnetical  polee  of  the  earth,  although  with  much  more  rega« 
lari^.  In  eitlier  case  the  whoie  needle  is  scarcely  more  or  less 
attracted  towards  the  globe  than  if  the  influence  of  magnetism 
were  remored;  except  when  the  small  needle  is  placed  Tery  near 
to  one  of  the  poles  of  the  artificial  magnet;  or,  on  the  other  hand, 
wrliea  the  dipping  needle  is  employed  in  the  neighbourhood  of 
flome  strata  of  ferruginous  substances,  which,  in  particular  parts 
of  the  earth,  interfere  materially  with  the  more  general  effects, 
and  alter  the  direction  of  the  magnetic  meridian. 

A  bar  of  soft  iron,  placed  in  the  situation  of  the  dipping  needle, 
acquires  from  the  earth,  by  induction,  a  temporary  state  of  mag* 
netism,  which  may  be  rerersed  at  pleasure  by  reversing  its  direc* 
tion ;  bat  bars  of  iron,  which  have  remained  long  in  or  near  thia 
direction,  assume  a  permanent  polarity  ;  for  iron,  even  when  It 
has  been  at  first  quite  soft,  becomes  in  time  a  little  harder.  A 
natnral  magnet  is  not  more  than  a  heavy  iron  ore,  which,  in  the 
conrse  of  ages,  has  acquired  a  strong  polarity  from  the  great 
primitive  magnet.  It  must  have  lain  in  some  degree  detached, 
and  mnst  possess  but  little  conducting  power,  in  order  to  have 
received  and  to  retain  its  magnetism. 

IVe  cannot,  from  any  assumed  situation  of  two  or  more  mag* 
netic  poles,  calculate  the  true  position  of  the  needle  for  all  places ; 
and  even  in  the  same  place,  its  direction  is  observed  to  change  fft 
the  conrse  of  years,  according  to  a  law  which  has  never  yet  been 
generally  determined,  although  the  variation  which  has  been  ob* 
served,  at  any  one  place,  since  the  discovery  of  the  compass^ 
may  perhaps  be  comprehended  in  some  very  intricate  expressioni ; 
but  the  less  dependence  can  be  placed  on  any  calculations  of  tiiia 
kind,  as  there  is  reason  to  think  that  the  change  depends  ratlier 
on  chemical  than  on  physical  causes.  Dr.  Halley  indeed  conjee- 
tored  that  the  earth  contfined  a  nucleus,  or  separate  sphere,  re* 
volving  freely  within  it,  or  rather  floating  in  a  fluid  contained  in  dm 
intermediate  space,  and  causing  the  variation  of  the  magnetic 
meridian ;  and  others  have  attributed  the  effect  to  the  motions  of 
the  celestial  bodies:  but  in  either  case  the  changes  produced 
would  have  been  much  more  regular  and  universal  than  those 
which  have  been  actually  observed.  Temporary  changes  of  the 
tervettrial  magnetism  have  certainly  been  sometimes  occasioned  by 
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other  causes ;  sucli  causes  are,  therefore  most  likeljr  to  be  cMi« 
cerned  in  the  more  perraaneiit  effects.  Thus,  the  eruption  oC 
Mount  Ilecla  was  found  to  derange  the  position  of  the  needle 
considerably ;  the  aurora  borealis  has  been  obserred  to  cause  its 
north  pole  to  moTe  6  or  7  degrees  to  the  westward  of  its  usual 
position ;  and  a  still  more  remarkable  change  occurs  continuall/ 
in  the  diurnal  variation.  In  these  climates  the  north  pole  of  the 
needle  moves  slowly  westwards  from  about  eight  in  the  momiog 
till  two,  and  in  the  evening  returns  again ;  a  change  which  has 
with  great  probability  been  attributed  to  the  temporary  elevation 
of  the  temperature  of  the  earth,  eastwards  of  the  place  of  ob« 
servation,  where  the  sun*s  action  takes  place  at  an  earlier  hour 
in  the  morning,  and  to  the  diminution  of  the  magnetic  attraction 
in  consequence  of  the  heat  thus  communicated.  In  winter  this^ 
Tariation  amounts  to  about  seven  minutes,  in  summer  to  thirteen 
or  fourteen. 

Important  as  the  use  of  the  compass  is  at  present  to  navigation^ 
it  would  be  still  more  valuable  if  its  declination  from  the  true 
meridian  were  constant  for  the  same  place,  or  even  if  it  varied 
according  to  any  discoverable  law ;  since  it  would  afford  a  ready 
mode  of  determining  the  longitude  of  a  place  by  a  comparison  of 
an  astronomical  observation  of  its  latitude  with  another  of  the 
magnitude  of  the  declination.  And  in  some  cases  it  may  even 
now  be  applied  to  this  purpose,  where  we  have  a  collection  of 
late  and  numerous  observations.  Such  observations  have  from 
time  to  time  been  arranged  in  charts,  furnished  with  lines  indi« 
eating  the  magnitude  of  the  declination  or  variation  at  the  places 
through  which  they  pass,  beginning  from  the  line  of  no  variation, 
and  proceeding  on  the  opposite  sides  of  this  line  to  show  the 
magnitude  of  the  variation  east  or  west.  It  is  obvious  that  the 
intersection  of  a  given  parallel  of  latitude,  m  ith  the  line  showing 
the  magnitude  of  the  variation,  will  indicate  the  precise  situation 
of  the  place  at  which  the  observations  have  been  made. 

The  line  of  no  variation  passed  in  1657  through  London,  and 
In  1666  through  Paris:  its  northern  extr^'mity  appears  to  have 
moved  continually  eastwards,  and  its  southern  parts  westwards; 
and  it  now  passes  through  the  middle  of  Asia.  The  opposite  por* 
tion  seems  to  have  moved  more  uniformly  westwards;  it  now  runs 
from  North  America  to  the  middle  of  the  South  Atlantic.     Oa 
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the  EwofMia  Ai%  of  Om»  lines,  the dtdintiiaQ  Is  wsslstlj;  on 
tbtt  Soath  Amerioui  side,  it  is  eisterlj.  Ths  Ttritlion  in  London 
has  heen  for  several  years  a  little  more  tlian  14^  In  the  West 
Indies  it  changes  but  slowly ;  for  instance  it  was  5^  near  the  island 
of  Barbadoes,  from  1700  to  1766. 

The  dip  of  the  north  pole  of  the  needle  in  the  neighboarhood 
of  London  is  72^.  Hence  the  lower  end  of  a  bar  standing  np. 
right,  as  a  poker,  or  a  lamp  iron,  becomes  always  a  north  pole, 
and  the  temporary  south  pole  of  a  piece  of  soft  iron  being  npper. 
most,  it  is  somewhat  more  strongly  attracted  by  the  north  pole  of 
a  nuignet  placed  over  it,  than  by  its  south  pole;  the  distribution 
of  the  fluid  in  the  magnet  itself  being  also  a  little  more  faTourable 
to  the  attraction,  while  its  north  pole  is  downwards*  It  is  obvious 
that  the  magnetism  of  the  northern  magnetic  pole  of  the  earth 
must  resemble  that  of  the  south  pole  of  a  magnet,  since  it  attract! 
the  north  pole ;  so  that  if  we  considered  the  nature  of  the  distri- 
bution of  the  fluid  rather  than  its  situation  in  the  earth,  we  should 
call  it  a  south  pole.  Although  it  is  impossible  to  find  any  places 
for  two,  or  even  for  a  greater  number  of  magnetic  poles,  which 
will  correcUy  explain  the  direction  of  the  needle  in  every  part  of 
the  earth's  surface,  yet  the  dip  may  be  determined  with  tolerable 
accuracy,  from  the  supposition  of  a  small  magnet  placed  at  the 
centre  of  the  earth,  and  directed  towards  a  point  in  Baffin's  Bay, 
about  75^  north  latitude,  and  70^  longitude  west  of  London  |  and 
the  variation  of  the  dip  is  so  inconsiderable,  that  a  very  slow 
change  of  the  position  of  this  supposed  magnet  would  probably  be 
sufficient  to  produce  it ;  but  the  operation  of  such  a  magnet,  ac» 
cording  to  the  general  laws  of  the  forces  concerned,  could  not 
possibly  account  for  the  very  irregular  disposition  of  the  curves 
indicating  the  degree  of  variation  or  declination ;  a  general  Idea 
of  these  might  perhaps  be  obtained  from  the  supposition  of  two 
magnetic  poles  situated  in  a  line  considerably  distant  from  the 
centre  of  the  earth  $  but  this  hypothesis  is  by  no  means  suffidentiy 
accurate  to  allow  us  to  place  any  dependence  on  it 

The  art  of  making  magnets  consists  in  a  proper  application  of 
the  attractions  and  repulsions  of  the  magnetic  fluid,  by  means  of 
the  diflerent  kinds  of  iron  and  steel,  to  the  production  and  pre. 
servation  of  such  a  distribution  of  the  fluid  in  a  magnet,  u  is  the 
best  fitted  to  the  exhibition  of  its  peculiar  properties. 

VOL.  IV.  2  B 
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We  wmj  begin  with  any  bar  of  iron  (liat  lias  long  stood  tn  • 
Terttcai  posidoa ;  bnt  it  is  more  eonnon  to  employ  an  artificiif 
magnet  of  greater  strength.  When  one  pole  of  such  a  magnet 
touches  the  end  of  a  bar  of  hard  iron  or  steel,  that  end  assumes  in 
some  degree  the  opposite  character,  and  the  opposite  end  the  same 
character :  bat  in  drawing  the  pole  along  the  bar,  the  first  end  be« 
comes  Central,  and  afterwards  has  the  opposite  polaritj;  while 
the  second  end  has  its  force  at  first  a  little  increased,  then  becomes 
neotral,  and  afterwards  is  opposite  to  what  it  first  was.  When 
the  operation  is  repeated,  the  efiect  is  at  first  in  some  measure 
destroyed,  and  it  is  difiicalt  to  understand  why  the  repetition  adds 
materially  to  the  inequality  of  the  distribution  of  the  fluid ;  bat 
the  fact  is  certain,  and  the  strength  of  the  new  magnet  is  for  some 
time  increased  at  each  stroke,  until  it  has  acquired  all  that  it  Is 
capable  of  receifing.  Several  magnets,  made  in  this  manner,  may 
be  placed  side  by  side,  and  each  of  them  being  nearly  equal  id 
strength  to  the  first,  the  whole  collection  will  produce  together  a 
much  stronger  efiect ;  and  in  this  manner  we  may  obtain  from  a 
weak  magnet  others  continually  stronger,  until  we  arrive  at  the 
greatest  degree  of  polarity  of  which  the  metal  is  capable.  It  is, 
however,  more  usual  to  employ  the  process  called  the  doublo 
touch :  placing  two  magnets,  with  their  opposite  poles  near  to 
each  other,  or  the  opposite  poles  of  a  single  magnet,  bent  into 
the  form  of  a  horseshoe*,  in  contact  with  the  middle  of  the  bar: 
the  opposite  actions  of  these  two  poles  then  conspire  in  their  effort 
to  displace  the  magnetic  fluid,  and  the  magnets  having  been  drawn 
backwards  and  forwards  repeatedly,  an  equal  number  of  times  to 
and  from  each  end  of  the  bar,  witii  a  considerable  pressure,  they 
are  at  last  withdrawn  in  the  middle,  in  order  to  keep  the  poles  at 
equal  distances. 

Iron  filings,  or  the  scoris  from  a  smith's  forge,  when  finely 
levigated,  and  formed  into  a  paste  with  linseed  oil,  are  also  capable 
of  being  made  collectively  magnetic.  A  bar  of  steel,  placed  red 
hot  between  two  magnets,  and  suddenly  quenched  by  cold  water, 
becomes  in  some  degree  magnetic,  but  not  so  powerfully  as  it  may 
be  rendered  by  other  means.  For  preserTing  magnets,  it  is  usual 
to  place  their  poles  in  contact  with  the  opposite  poles  of  other 
magnets,  or  with  pieces  of  soft  iron,  which,  in  consequence  of 
their  own  induced  magnetism,  tend  to  favour  the  accumulation  of 
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tke  amgiiHic  power  in  a  greater  qnaatit j  than  tte  nwtil  eaa  letain 
after  they  are  removed.  Hence  the  ancients  imtgined  that  tho 
aaf  net  fed  on  iron. 

A  uogle  magnet  may  be  made  of  two  bars  of  steel,  with  thciv 
ends  pressed  into  dose  contact ;  and  it  might  be  expected  that 
when  these  bars  are  separated,  or  when  a  common  magnet  bar 
been  divided  in  the  middle,  the  portions  should  possess  the  pro. 
perties  of  the  respective  poles  only.  But  in  fact  the  ends  which 
have  been  in  contact  are  found  to  acquire  the  properties  of  th« 
poles  opposite  to  those  of  their  respective  pieces,  and  a  certain 
point  in  each  piece  is  neutral,  which  is  at  first  nearer  to  the  newly 
formed  pole  than  to  the  other  end,  but  is  remoyed  by  degrees  to 
a  more  central  situation.  In  this  case  we  must  suppose,  con- 
trarily  to  the  general  principles  of  the  theory,  that  the  magnetic 
fluid  has  actually  escaped  by  degrees  from  one  of  the  pieces,  and 
has  been  received  from  the  atmosphere  by  the  other. 

There  Is  no  reason  to  imagine  any  immediate  connexion  be- 
tween magnetism  and  electricity,  except  that  electricity  afiects  the 
conducting  powers  of  iron  or  steel  for  magnetism,  in  the  same 
manner  as  heat  or  agitation.  In  some  cases  a  blow,  an  increase 
of  temperature,  or  a  shock  of  electricity,  may  expedite  a  littla 
the  acquisition  of  polarity ;  but  more  commonly  any  one  of  these 
causes  impairs  the  magnetic  power.  Professor  Robison  found, 
that  when  a  good  magnet  was  struck  for  three  quarters  of  an 
hoar,  and  allowed  in  the  mean  time  to  ring^  its  efficacy  was  de- 
stroyed ;  although  the  same  operation  had  little  effect  when  the 
ringing  was  impeded ;  so  that  the  continued  exertion  of  the  cohe- 
sive and  repulsive  powers  appears  to  favour  the  transmission  of 
the  magnetic  as  well  as  of  the  electric  fluid.  The  internal  agita- 
tion, produced  in  bending  a  magnetic  wire  round  a  cylinder,  also 
destroys  its  polarity,  and  the  operation  of  a  file  has  the  same 
effect.  Mr.  Cavallo  has  found  that  brass  becomes  in  general  much 
more  capable  of  being  attracted  when  it  has  been  hammered,  even 
between  two  flints ;  and  that  this  property  is  again  diminished  by 
fire :  in  this  case  it  may  be  conjectured  that  hammering  increases 
the  conducting  power  of  the  iron  contained  in  the  brass,  and 
thus  renders  it  more  susceptible  of  magnetic  action.  Mr.  Cavallo 
also  observed  that  a  magnetic  needle  was  more  powerfully  at- 
tracted by  iron  filings  during  their  solution  in  acids,  especially  in 
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tlw  snlphorie  add^  than  either  before  or  after  the  operatioA :  athen 
h«?e  not  always  soceeeded  io  the  eiperiment;  but  there  is  ao&im 
improbable  in  the  circnmstance,  and  there  may  hare  been  sobs 
actaal  difference  in  the  resolts,  dependent  on  causes  too  ninote  for 
obsenration.  In  snbjects  so  little  understood  as  the  theory  of  na^ 
netlsm^we  are  obliged  to  admit  some  paradoxical  propositions, which 
are  only  sarprbing  on  account  of  the  imperfect  state  of  our  know* 
ledge.  Yet,  little  as  we  can  understand  the  intimate  nature  of 
nagnetical  actions,  they  exhibit  to  us  a  number  of  extremely 
amusing  as  well  as  Interesting  phssnomena ;  and  the  principles  of 
crystalliiationi  and  eren  of  Tital  growth  and  reproduction,  are 
no  where  so  closely  imitated,  as  in  the  arrangement  of  the  snail 
particles  of  iron  in  the  neighbourhood  of  a  magnet,  and  in  the 
production  of  a  multitude  of  complete  magnets,  from  the  influence 
of  a  parent  of  the  same  kind. 

[Young'i  Nai. 


The  preceding  article,  though  concise,  Is  so  full  and  explicit 
upon  the  curious  and  recondite  subject  it  is  designed  to  illustraie, 
that  we  have  but  a  few  notices  to  subjoin  In  addition  to  what  it 
communicates. 

The  phenomena  of  electricity  have  been  often  accounted  for, 
and  are  so  still  by  some  philosophers,  by  the  existence  of  two  dis. 
tinct  electric  fluids,  an  attractive  and  a  repulsive.  Mr.  Coulomb 
contended  for  the  existence  of  two  distinct  magnetic  fluids,  which 
are  only  displaced  in  each  molecule.  He  also  found  that  a  wire, 
when  twisted,  receives  nine  times  as  much  magnetic  force,  as  wlien 
straight:  and  that  a  metal  is  affected  with  the  magnetic  influence^ 
if  it  contain  i^i^tv  P^'^  o^  iron. 

Cavallo  carried  this  discovery  still  farther ;  for  he  ascertained 
that  a  smaller  quantity  of  iron  will  affect  the  needle  than  can  be 
detected  by  any  chemical  test :  and  we  have  already  had  occasion 
to  observe  that  a  flaih  of  lightning  will  completely  reverse  its  pa. 
larlty  in  the  mariner  s  compans  *. 

Nickel,  possibly  from  its  constantly  containing  some  portion  of 
iron,  is  constituently  magnetic  :  but  a  mixture  of  cobalt  destroys 
this  power. 


*  Sef)  Sf  ctioD  lily  articles  10, 17,  of  the  preceding  cbaptec* 
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In  Iik«  Bianiier  Dr.  Toung  has  obser? e d,  that  tfce  p^aiitj  of 
iron  itself  is  destroyed  by  a  mixtore  of  andmonj  with  this  last 
matal. 

The  Dicaie  Phihsophiqucj  No.  91,  contains  an  account  of 
▼aiioos  eiperiments^made  before  the  French  Imperial  Institute, 
which  seem  to  shew  that  all  bodies  are  subject  to  the  magnetic  in« 
Aoence,  eren  in  a  degree  which  is  capable  of  being  measured. 

Tliese  experiments  were  made  by  Mr.Coulomb,  aud  repeated  by 
him  liefore  the  Institute.  He  employed  all  the  substances  that  he 
examined  In  the  form  of  a  cylinder,  or  a  small  bar ;  he  suspended 
them  by  a  thread  of  silk  in  its  natural  state,  as  spun  by  the  worm, 
and  placed  them  between  the  opposite  poles  of  two  magnets  of  steel. 
Such  a  thread  can  scarcely  support  more  than  two  or  three  drachms 
withont  breaking ;  it  was  therefore  necessary  to  reduce  these 
needles  to  rery  small  dimensions.  Mr.  Coulomb  made  them  about 
a  third  of  an  inch  in  length,  and  about  a  thirtieth  of  an  inch  in 
thickness ;  and  those  of  metal  only  one  third  as  thick. 

In  making  the  experirents,  he  placed  the  magnets  in  the  same 
right  line.  Their  opposite  poles  were  separated  about  a  quarter 
of  an  inch  more  than  the  length  of  the  needle  which  was  to  osciU 
late  between  them.  The  result  was,  that  of  whatever  substance 
tile  needles  were  formed,  they  always  ranged  themselres  accurately 
in  the  direction  of  the  magnets ;  and  if  they  were  deflected  from 
this  direction,  they  returned  to  it  with  oscillations^  which  were 
ofled  as  frequent  as  thirty  or  more  in  a  minute.  Hence,  the 
weight  and  figure  of  the  needl^^s  being  given,  it  was  easy  to  deter. 
mine  the  force  that  produced  these  oscillations. 

The  experiments  were  made  in  succession  with  small  plates  of 
gold,  silrer,  copper^  lead,  and  tin  ;  with  little  cylinders  of  glass, 
with  a  bit  of  chalk,  a  fragment  of  bone,  and  different  kinds  of 
wood. 

In  the  course  of  his  lecture  on  magnetism  on  fhe  30th  of  April, 
Dr. Young  repeated  some  of  these  experiments  with  wires  of  differ* 
ent  kinds :  one  of  them  was  of  tin,  and  suspended  within  a  cylin« 
drical  glass  jar  by  a  single  silk  worm's  thread :  its  oscillations  were 
so  slow  as  to  occupy  several  minutes,  and  it  was  scarcely  atfected 
by  turning  the  cross  bar  to  which  the  thread  was  attached ;  sp  that 
the  suspension  must  have  been  sufficiently  delicate  :  under  these 
circumstances  the  oppovite  poles  of  two  strong  magnets  w«r«  ap« 
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plied  close  to  tbe  jar,  and  at  the  distance  of  about  twice  the  length 
of  the  suspended  wire :  but  the  effect  Was  alMolutely  impereep. 
tible :  in  the  morning  indeed,  there  had  been  an  appearance  of 
oscillations  occupying  about  a  minute,  and  tending  to  thp  direction 
of  the  magnets,  perhaps  derired  from  some  superficial  particles  of 
iron  which  had  lost  their  magnetic  property  by  oxidation  in  the 
course  of  the  day.  There  must  at  any  rate  be  a  doubt  whether 
the  presence  of  a  quantity  of  iron,  too  small  to  be  ascertained  by 
chemical  tests,  might  not  ha?e  been  the  cause  of  the  effects  de. 
scribed  by  Mr  Coulomb,  although  they  indicate  a  force  something 
greater,  upon  a  rough  calculation,  than  one  SOOOth  of  the  weight 
of  the  substance. 

By  farther  experiments  of  Mr.  Coulomb,  howeyer,  related  in 
No.  3,  tom.  iii.  of  the  Bulletin  de  la  Societe  Philomathiqoe,  and 
which  appear  to  have  been  made  with  grt  at  caution,  it  seems  ob. 
Tious  that  the  greater  part,  if  not  the  whole,  of  the  magnetic  in. 
fluence  observed  in  the  preceding  cases,  was  owing  to  the  presence 
of  iron.  For  it  appears  that,  according^to  the  method  employed 
in  the  purification  of  the  metals  examined,  their  apparent  magnetic 
power  was  very  materially  different.  Mr.  Coulomb  observes  that, 
upon  this  foundation,  we  may  make  the  action  of  the  magnet,  upon 
a  needle  thus  suspended,  a  very  useful  instrument  in  chemical  exa- 
minations ;  for  he  finds  that  the  attractive  force  is  directly  as  the 
quantity  of  iron  in  any  mixture ;  and,  according  to  its  magnitude, 
we  may  estimate  that  quantity,  when  it  is  so  small  as  wholly  to 
elude  all  chemical  tests. 

Many  of  the  properties  of  the  magnet  were  known  at  a  very 
early  period  to  the  Greek  philosophers,  and  especially  to  Plato  and 
Epicurus  j  the  latter  of  whom  endeavoured  to  account  for  them  by 
an  ingenious  hypothesis,  which  is  fully  detailed  by  Lucretius.  We 
have  not  space  to  enter  into  this  hypothesis ;  but  the  poet*s  minute 
description  of  the  well-known  powers  of  what  we  now  call  the 
oad-stone  or  artificial  magnet,  as  given  at  so  early  a  period,  can- 
not  fail  of  being  acceptable  to  our  readers.  It  occurs  iu  his  verj 
extraordinary  poem  De  Rerum  NaturUy  lib.  vi.  t.  906  : 

Quod  super  est,  agere  incipiam  quo  fcedere  fiat 
Naturae,  lapis  hicc'  ut  ferrum  ducere  possit. 
Quern  Magneta  Tocant  patrio  de  nomine  Graiei, 
Magnetiim  quia  tit  patrHs  in  finibus  ortui. 
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Hanc  bominet  lapidem  mirantar^  qnippe  ctteaam 
Scpe  ex  annelllfl  reddit  pendeotibus  ex  se  : 
Quinqae  et  enim  licet  ioterdum,  pluresqae,  ridere^ 
Ordine  demisso,  leTibus  jactarier  auris, 
Unas  nbi  ex  nno  dependet,  subter  adhaerens  ; 
£x  alioque  alius  lapidis  yim,  vinclaque,  noscit : 
Usqae  adeo  permananter  vis  per  valet  ejas. 

And  next  explain  we  bj  what  curious  law 
The  stone  term'd  magmet  b}*  the  Gueeks,  attracts 
Th'  obsequious  iron  ;  magnet  termM  since  first 
Mid  the  Magnetes  m^n  its  power  descried. 

Vast  is  the  wonder,  mid  th'  admiring  crowd, 
This  stone  excites  ;  for  oft  a  pendent  chain 
Forms  it  of  rings  unlink'd  and  loosely  joiu'd. 
And  frequent  see  they,  sporting  in  the  breeze, 
Such  rings  quintupled,  in  succession  long, 
The  lowlier  cleaving  to  the  sphere  above, 
And  this  to  that,  proclaiming,  as  it  hangs, 
.  Its  deep-felt  conscience  of  the  magnet's  power. 
Snch  the  resistless  energy  it  boasts.  Good. 

Upon  this  subject  also,  we  must  take  leave  so  subjoin  the  learned 
Translator's  note  on  the  passage : 

'^  There  is  nothing  in  nature  too  recondite  for  the  daring  penetra* 
tioo  of  our  poetic  philosopher.  The  timid  mineralogist  of  modem 
days  cannot,  without  surprize,  behold  him  thus  undauntedly  endea. 
Touring  to  develope  a  bond,  into  whose  mysterious  union  he  him- 
self  feels  totally  unable  to  penetrate :  and  if,  in  pursuing  his  hardj 
footsteps^  he  perceive  the  bold  speculator,  at  times,  bewildered  in 
a  wrong  path,  he  will  seldom  be  able  to  point  out  to  him  a  truer. 

^^  Hence,  Polignac,  to  whose  negative  declaration,  neither  our 
poet,  nor  any  modern  philosopher,  will,  probably,  object : 

Miracula  nondum 
Omnia  magnetis  perspeximus ;  at  roihi  certum  est 
Magnetem  non  esse  animal ;  nee  amoris  ab  aesta 
Ferratus  trahere,  ac  secum  vincire  catenas. 

ANTI.LUCR.  T,  H56^ 
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For  not  yot  deoilf  tre  the  wonders  tncM 
ProT'd  by  the  mtgnet;  but  to  me  nott  efetr 
Seems  it  no  anioiel ;  nor  led  hj  bonds 
Of  matual  lore  t'  attract  aod  clasp  the  steel. 

^*  The  fermgiDoas  orei  here  spoken  of,  for  it  is  nothing  else  than 
ferraginoDS  ore,  with  a  satnration  of  magnetic  aora,  was  denomi* 
nated,  as  Lucretias  obserres,  magnet,  from  its  having  been  first 
noticed  among  the  Magnetes,  or  inhabitants  of  Magnesia,  a  region 
of  Lydia.  It  is  also  often  entitled  Herculeus  lapis ;  either  because 
it  was  first  traced  by  Hercules,  or  detected  in  the  vicinity  of  He- 
raclea ;  or,  lastly,  from  the  prodigious  strength  of  its  attraction. 
Lucretius,  indeed,  empLoys  this  latter  term  on  no  occasion,  but 
Marcbetti  has  introduced  it  into  his  version,  with  aview  of  varying 
his  phraseology  : 

V  Erculla  pietra 

Con  incognita  foraa  il  ferro  tragga. 

'^  Whether  the  ancients  were  acquainted  with  that  most  nsefid 
nautical  instrument  to  which  the  properties  of  this  stone  have  given 
birth,  the  mariner's  compass,  is  in  some  degree  doobtfnl*  In 
modern  Europe,  we  have  no  decisive  knowledge  of  the  existence  of 
this  instrument  anterior  to  its  use  by  Marco  Polo,  in  1260.  Among 
the  Chinese,  however,  it  appears  to  have  been  employed  immeino« 
rially :  from  which  circumstance,  many  scholars  of  high  repnta* 
tion,  and  among  the  rest  my  learned  and  indefatigable  friend  the 
Rev.  T.  Maurice,  conceives  that  other  ancient  nations  were  in  an 
equal  degree  acquainted  with  its  utility.  They  contend,  that  it 
was  known  to  the  Druids,  and  that  the  cardinal  points  of  what 
they  call  the  Druidic  temples  at  Stonehenge  and  Abnry,  were 
determined  by  the  use  of  such  a  compass.  In  like  manner,  aacrib* 
log  its  name  of  lapis  Heraclius,  or  Herculeus,  to  Hercules,  as  its 
inventor,  they  conjecture  it  was  known  also  to  the  Greeks  $  and 
that  the  golden  cup  which  ApoUo,  or  the  Sun  under  that  denomi« 
nation,  gave  to  Hercules,  was  nothing  more  or  less  than  the  ma* 
riner's  compass- box,  b;jf  which,  not  in  which,  the  latter  sailed 
over  the  vast  ocean  ;  they  add  also,  that  the  golden  fleece  and  the 
golden  scyphus  in  the  temple  of  Jupiter  Ammon  in  Lybia,  were 
nothing  more  than  types  of  this  curious  instrument.     I  am  afraid 
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[loireTer,  there  ii  more  ingeanity  in  fuch  conjectnrM  than  i olid  ar. 
{Qment  or  historic  fact :  and  in  addition  to  the  obienra*ion8  ad« 
ranccd  on  the  other  side  of  the  question  by  Sir  Williim  Temple^ 
Dr.Wotton,  and  Mr.  Clarke,  I  cannot  af oid  remarking,  that  liad 
this  instrument  been  known  in  the  time  of  Lucretius,  he  would 
not  hare  failed  to  hare  adverted  to  it  on  the  present  occasion.  But 
it  is  neither  mentioned  by  Lncretius  nor  by  Saidas." 

[Editor. 

SECTION   II. 

On  the  Cause  of  the  Change  in  the  Variation  of  the  Magnetic 
Needle;  with  an  Hypothesis  of  the  structure  of  the  internal 
parte  of  the  Earth. 

By  Mr.  Edmond  Halley. 

Hatino  published,  in  the  Transactions,  No.  148,  a  theory  of 
the  Tiuiation  of  the  magnetic  needle,  in  which,  by  comparing  many 
obierrations,  I  came  at  length  to  this  general  conclusion,  riz.  Tluit 
ikt  globe  of  the  earth  might  be  supposed  to  be  one  great  magnet, 
having  four  magnetical  poles  or  points  of  attraction,  two  of  them 
Mar  each  pole  of  the  equator :  and  that  in  those  |iarts  of  the  wor:d, 
wMch  lie  near  any  of  those  magnetical  poles,  the  needle  is  chiefly 
goremed  thereby,  the  nearest  pole  being  always  predominant  over 
the  more  remote.  And  I  there  endeavoured  to  state  and  limit  the 
preaent  position  of  those  poles  on  the  surface  of  our  globe.  Yet  I 
fouad  two  difficulties  not  easy  to  surmount :  the  one  was,  that  no 
magnet,  I  had  ever  seen  or  heard  of,  had  more  than  two  opposite 
poles ;  whereas  the  earth  had  visibly  four,  and  perhaps  more.  And 
secondly,  it  was  plain  that  these  poles  were  not,  at  least  all  of 
them,  fixed  in  the  earth,  but  shifted  from  place  to  place,  as  appeared 
by  the  great  changes  in  the  needle's  direction  within  this  last  cen. 
tnry  of  years,  not  only  at  London,  where  this  great  discovery  was 
irst  made,  but  almost  all  over  the  globe  of  the  earth ;  whereas  it  is 
not  known,  or  observed,  that  the  |K>le8  of  a  loadstone  ever  shifted 
their  place  in  the  stone,  nor,  considering  the  compact  hardness  of 
that  substance,  can  it  easily  be  supposed. 

These  -difficulties  made  me  quite  despair  of  ever  being  able  to  ac 
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So  tbmi  a«  eitornal  partf  of  tlie  gloke  atj  w«II  b«  eonwdtiM 
u  the  shell,  end  the  Inteniel  10  m  mieleiif,  or  inner  i^be,  indaded 
within  onrty  wUh  ■  flnid  medioBi  between.  Whidi  having  the  mmt 
common  centre  and  axii  of  diomal  rotation,  inaj  tnm  abont  wift 
Aor  earth  each  twentj.foar  hours ;  onlj  this  outer  sphere  haviif 
its  tarbioating  motion  some  small  matter  either  swifter  or  slower 
than  the  internal  balL  And  a  rerj  minote  difference  bi  lenglfc  ef 
time,  bj  manj  repetitions  becoming  sensible,  the  internal  parts  wU 
bf  degrees  recede  from  the  external,  and  not  keeping  pace  witt 
each  other,  will  appear  gradually  to  more  either  to  the  east  or  welt 
by  the  difference  of  their  motions. 

Now  supposing  such  an  internal  sphere,  having  such  a  niotioB» 
we  maj  scire  the  two  great  difficulties  in  mj  former  hypatbssii. 
For  if  this  exterior  shell  of  earth  be  a  magnet,  Iiaring  Ite  poles  at 
a  distance  from  the  poles  of  diurnal  motion  ;  and  if-tlM  internal 
nucleus  be  likewise  a  magnet,  haring  its  poles  in  two  other  pkoss 
distant  also  from  the  axis ;  and  these  latter,  by  a  gradual  and  slow 
motion,  change  their  place  in  respect  of  the  external,  we  may  then 
gire  a  reasonable  account  of  the  four  magneticai  poles,  as  also  of 
the  changes  of  the  needle's  rariations. 

The  period  of  this  motion  being  wonderfully  great,  and  tliere 
being  hardly  a  century  since  these  rariations  hare  been  duly  ob* 
served,  it  will  be  very  hard  to  bring  this  hypothesis  to  a  calculus, 
especially  since,  though  the  variations  increase  and  decrease  regu« 
larly  in  the  same  place,  yet  in  different  places,  at  no  great  distance, 
there  are  found  such  casual  changes  of  it,  as  can  nowise  l>e  ac- 
counted for  by  a  regular  hypothesis ;  as  depending  on  the  unequal 
and  irregular  distribution  of  the  magneticai  matter  within  the  sub* 
stance  of  the  external  shell  or  coat  of  the  earth,  which  deflects  the 
needle  from  the  position  it  would  acquire  from  the  effect  of  the  go* 
neral  magnetism  of  the  whole*  Of  this,  the  variations  at  l^ndon 
and  Paris  afford  a  notable  instance  ;  for  the  needle  has  been  con* 
stantly  about  P}  more  easterly  at  Paris  than  at  London ;  though 
it  be  certain  that,  according  to  the  general  effect,  the  difference 
ought  to  be  the  contrary  way.  Notwithstanding  which,  the  tu* 
riation  in  both  places  changes  alike. 

Ilence,  and  from  some  other  of  the  like  nature,  I  conclude,  thnt 
the  two  poles  of  the  external  globe  are  fixed  in  tiie  earth,  and  tet 
if  the  needle  were  wholly  goremed  by  them,  tlw  ? arialions  wonid 
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b&  alwap  til*  sane,  with  ipm^  little  irfegultrUtei  od  the  account 
juft  DOW  mentioned :  but  the  internal  sphere,  haying  such  a  gra- 
dual translation  of  its  poles,  inflnences  the  needle,  and  directs  it 
▼ariousljr,  according  to  the  result  of  the  attractire  or  directiTe 
power  of  each  pole  ;  and  consequently  there  roust  be  a  period  of 
the  reTolation  of  this  internal  ball,  after  which  the  Tariations  will 
return  again  as  before.  But  if  it  shall  in  future  ages  be  obseried 
otherwise,  we  must  then  conclude,  that  there  are  more  of  these  in. 
ternal  spheres,  and  more  magnetical  poles  than  four,  which  at  pre- 
sent we  hare  not  a  sufficient  number  of  observations  to  determine, 
and  particularly  in  that  vast  Mar  del  Zur,  which  occupies  so  great 
a  part  of  the  whole  surface  of  the  earth. 

If  then  two  of  the  poles  be  fixed,  and  two  moveable,  it  remaina 
to  ascertain,  which  they  are  that  keep  their  place:  and  tboagh  I 
could  wish  we  had  the  experience  of  another  century  of  years  to 
found  our  conclusions  upon,  yet  I  think  we  may  safely  determioOy 
that  our  European  north  pole,  supposed  to  be  near  the  meridian  of 
the  Land's  End,  and  about  7  from  it,  is  that  which  is  moveable  of 
the  two  northern  poles,  and  which  has  chiefly  influenced  the  va» 
riatioDS  in  these  parts  of  the  world  :  for  in  Hudson's  Bay,  which  it^ 
under  the  direction  of  the  American  pole,  the  change  b  not  ob* 
served  to  be  near  so  fast  as  in  these  parts  of  Europe^  though  thai 
pole  be  much  farther  removed  from  the  axis. 

As  to  the  south  poles,  from  the  like  observation  of  the  slow  de« 
crease  of  the  variation  on  the  coast  of  Java,  and  near  the  meridian 
of  the  Asian  pole,  I  take  the  Asiatic  pole,  which  I  place  about  the 
meridian  of  the  island  of  Celebes,  to  be  the  fixed  one,  and  conse* 
quently  the  American  pole  to  be  moreable.  If  this  be  allowed,  it 
is  plain  that  the  fixed  poles  are  the  poles  of  this  external  shell  or 
cortex  of  the  earth,  and  the  other  two  the  poles  of  a  magnetical 
nucleus,  included  and  moveable  within  the  other.  It  likewise  fol- 
lows, that  this  motion  is  westwards,  and  by  consequence  that  the 
aforesaid  nucleus  has  not  precisely  attained  the  same  degree  of  ve* 
locity  with  the  exterior  parts  in  their  diurnal  revolution  :  bnt  so 
very  nearly  equals  it,  that  in  366  revolves  the  difference  is  scarcely 
sensible.  This  I  conceive  to  arise  from  the  impulse  by  which  thit 
diurnal  motion  was  impressed  on  the  earth,  being  giren  to  the  ex* 
ternal  parts,  and  from  thence  in  time  communicated  to  the  internal ; 
but  not  so  as  perfectly  to  equal  the  velocity  of  the  first  motion 
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impfcMed  on,  and  ttQl  conserTed  by  the  superficial  parts  of  At 
globe. 

As  to  the  qaantitjr  of  this  motion  it  is  almost  impossible  to  de« 
fine  it,  both  from  the  nature  of  this  kind  of  obserration,  which  can« 
not  be  Tcry  accurately  performed ;  as  also  from  the  small  time 
these  yariations  have  been  observed,  ami  thpir  change  discovered* 
It  appears  by  all  circumstances,  that  its  period  is  of  many  centa« 
ries  of  years,  and  as  far  as  may  be  collected  from  the  change  of  the 
place,  where  there  was  no  variation  by  reason  of  the  equilibrium 
of  the  two  southern  magnetical  poles,  viz.  from  Cape  d'Agulhas 
to  the  meridian  of  St. Helena,  which  is  about  ^S'^in  about  ninety 
years,  and  of  the  place  wliere  the  westerly  variation  is  in  its  greatest 
deflection^  being  about  half  so  much,  viz.  from  the  isle  of  Diego 
Rois  to  the  south-west  parts  of  Madagascar.     We  may  with  some 
reason  conjecture,  that  the  American  pole  has  moved  westwards  46* 
in  that  time,  and  that  the  whole  period  of  its  variation  is  performed 
in  700  years,  or  thereabouts;  so  that  the  nice  determination  of  this, 
and  of  several  other  particulars  in  the  magnetic  system,  is  reserred 
for  remote  posterity ;  all  that  we  can  hope  to  do,  is  to  leave  behind 
*is  observations  that  may  be  confided  in,  and  to  propose  hypotheses 
which  after  ages  may  examine,   amend,  or  refute.     Only  here  I 
nust  take  leave  to  recommend  to  all  masters  of  ships  and  all 
)thers,   lovers  of  natural  truths,  that  they  use  their  utmost  dill, 
^ence  to  make,  or  procure  to  be  made,  observations  of  these  rtu 
riations  in  all  these  parts  of  the  world,  as  well  in  the  north  as 
south  latitude,  after  the  laudable  custom  of  our  East  India  com- 
manders, and  that  they  please  to  comnrunicate  them  to  the  Royal 
Society,  in  order  to  leave  as  complete  a  history  as  may  be,  to  those 
who  are  hereafter  to  compare  all  together,  and  to  complete  and 
perfect  this  abstruse  theory. 

And  by  the  way  it  will  not  be  amiss  to  correct  a  received  error 
in  the  practice  of  obserTing  the  variation,  whigh  is.  to  take  it  by 
the  amplitude  of  the  rising  and  setting  sun,  when  his  centre  ap. 
pears  in  the  visible  horizon  ;  whereas  he  ought  to  be  observed  when 
his  under  limb  is  still  above  the  horizon  about  two.thirds  of  his 
diameter,  or  twenty  minutes,  on  account  of  the  refraction,  and  the 
height  of  the  eye  of  the  observer  above  the  surface  of  the  sea:  or 
else  the  amplitudes  are  to  be  wrought  as  the  azimuths,  reckoning 
the  sun*s  distance  from  the  zenith  90*  36':  this^  though  it  be  of 
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little  consequence  near  the  equator,  will  make  a  great  error  in  bigh 
latitudes,  where  the  son  rises  and  sets  obliqaely. 

Bat  to  return  to  our  hypothesis,  in  order  to  explain  the  change  of 
the  Tariations,  we  have  adventured  to  make  the  earth  hollow,  and 
to  place  another  globe  witliin  it :  and  I  doubt  not  but  this  will 
find  opposers  enough.  I  know  it  will  be  objected,  that  there  is  no 
instance  in  nature  of  the  like  thing  ;  that  if  there  was  such  a  middle 
globe  it  would  not  keep  its  place  in  the  centre,  but  be  apt  to  de. 
Tiate  from  it,  and  might  possibly  shock  against  the  concave  shell, 
to  the  ruin  or  at  least  endamaging  of  it ;  that  the  water  of  the  sea 
woold  perpetually  leak  through,  unless  we  suppose  the  cavity  fnll 
of  water ;  that  were  it  possible,  yet  it  does  not  appear  of  what  use 
inch  an  inward  sphere  can  be  of,  being  shut  up  in  eternal  darkness, 
aod  therefore  unfit  for  the  production  of  animals  or  plants  ;  with 
many  more  objections,  according  to  the  fate  of  all  such  such  new 
propositions. 

To  these  and  all  other  objections  that  I  can  foresee,  I  briefly 
answer,  that  the  ring  environing  the  globe  of  Saturn  is  a  notable 
ioatance  of  this  kind,  as  having  the  same  common  centre,  and 
moving  along  with  the  planet,  without  sensibly  approaching  him  on 
one  side  more  than  the  other.  And  if  this  ring  were  turned  on  on^ 
of  its  diameters,  it  would  then  describe  such  a  concave  sphere  as  t 
•oppose  our  external  one  to  be.  And  since  the  ring  in  any  given 
petition,  would  in  the  same  manner  keep  the  centre  of  Saturn  in  its 
OWD,  it  follows  that  such  a  concave  sphere  may  move  with  anotlier 
incladed  in  it,  having  the  same  common  centre.  Nor  can  it  well 
he  supposed  otherwise,  considering  the  nature  of  gravity:  for 
should  these  globes  be  once  adjusted  to  the  same  common  centre, 
the  gravity  of  the  parts  of  the  concave  would  press  equally  towards 
the  centre  of  the  inner  ball,  which  equality  must  necessarily  con. 
tinue  till  some  external  force  disturb  it,  which  is  not  easy  to  ima. 
gine  in  our  case.  This  perhaps  I  might  more  intelligibly  express, 
by  saying  that  the  inner  globe  being  deposited  in  the  centre  of  the 
exterior,  must  necessarily  ascend  which  way  soever  it  may  move ; 
that  is,  it  must  overcome  the  force  of  gravity  pressing  towards  the 
common  centre,  by  an  impulse  it  must  receive  from  some  outward 
agent ;  but  all  outward  efforts  being  sufficiently  fenced  against  by 
the  shell  that  surrounds  it,  it  follows,  that  this  nucleus  being  once 
fixed  in  the  common  centre,  must  always  remain  thefe. 
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As  to  the  leaking  of  the  water  throngb  this  shell,  when  onoe  a 
passage  shall  be  found  for  it  to  ran  through,  I  must  confess  it  is  an 
objection  seemin:;I)r  of  weight ;  but  when  we  consider  how  tightlj 
great  beds  of  chalk  or  clay,  and  much  more  stone  do  hold  watir, 
and  c'Yen  caves  arched  with  sand ;  no  man  can  doubt  but  the  wis- 
dom of  the  Creator  has  provided  for  the  microcosm  by  many  more 
ways  thnn  I  can  either  imagine  or  express,  especially  since  we  see 
the  adnairable  and  innumerable  contrivances  wherewith  each  worth* 
li'ss  individual  is  furnished,  both  to  defend  itself  and  propagate  its 
species.  What  curiosity  in  the  structure,  what  accuracy  in  the 
mixture  and  composition  of  the  parts,  ought  we  not  to  expect  in 
the  fabric  of  this  globe^  designed  for  the  lasting  habitation  of  se 
many  various  species  of  animals,  in  each  of  which  there  want  not 
many  instances,  that  manifest  the  boundless  power  and  goodness 
of  their  divine  author ;  and  can  we  then  think  it  a  hard  suppcv 
sition,  that  the  internal  parts  of  this  bubble  of  earth  should  be  re. 
plete  with  such  saline  and  vitriolic  particles,  as  may  contribute  to 
petrefaction,  and  dispose  the  transuding  water  to  shoot  and  coagv* 
late  into  stone,  so  as  continually  to  fortify,  and  if  need  were  I0 
consolidate  any  breach  or  flaw  in  the  concave  surface  of  the  shell. 

And  this  perhaps  may  not  without  reason  be  supposed  to  be  the 
4nal  cause  of  the  admixture  of  themagnetical  matter  in  the  mass  of 
the  terrestrial  parts  of  our  globe,  viz.  To  strengthen  and  maintain 
the  concave  arch  of  this  shell :  for,  by  what  the  excellent  Mr. 
Newton  has  shown  in  his  Principia  Philosophiae,  it  will  follow  that 
according  to  the  general  principle  of  gravity,  visible  throughout  the 
whole  universe,  all  those  particles  which,  by  length  of  time  or 
otherwise,  shall  moulder  away,  or  become  loose  on  the  concave 
surface  of  the  external  sphere,  would  fall  in,  and  with  great  force 
descend  on  the  internal^  unless  those  particl«  s  were  of  another  sort 
of  matter,  capable,  by  their  stron^zer  tendency  to  each  other,  to 
suspend  the  force  of  gravity  ;  hut  we  know  no  other  substances  ca- 
pable of  supporting  each  other  by  their  mutual  attraction,  besides 
the  magnetical,  and  these  we  see  miraculously  to  perform  that 
office,  even  when  the  power  of  gravity  has  its  full  effect,  much  more 
within  the  globe  where  it  is  weaker.  Why  then  may  we  not  sup* 
pose  these  said  arches  to  be  lined  throughout  with  a  magnetical 
matter,  or  rather  to  be  one  great  concave  magnet,  whose  two  poles 
are  the  poles  we  have  before  observed  to  be  fixed  in  the  surface  of 
our  globe  ? 
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Another  argument,  ftToaring  this  hypothesis,  is  drawn  firom  a 
proposition  of  the  same  Mr.  Newfon,  where  he  determines  the  force 
with  which  the  moon  mores  the  sea  in*producing  the  tides,  where  he 
aajs  the  density  of  the  moon  is  to  that  of  the  earth,  as  680  to  387, 
or  as  9  to  5  nearly  :  therefore  the  body  of  the  moon  is  denser  than 
onr  earth,  ice.  Now,  If  the  moon  be  more  solid  than  the  earthy 
as  9  to  5,  why  may  we  not  reasonably  suppose  the  moon,  being  a 
twM  body  and  a  secondary  planet,  to  be  solid  earth,  water,  and 
ilDiie,  and  this  glol>e  to  consist  of  the  same  materials,  only  four* 
ainths  thereof  to  be  carity,  within  and  between  the  internal  spheres. 

To  those  that  shall  inquire  of  what  use  these  included  globes  can 
be,  it  must  be  allowed,  that  they  can  be  of  very  little  serrice  to  tho 
inlMibitants  of  this  outward  world  ;  nor  can  the  sun  be  senriceable  to 
ttem,  either  with  his  light  or  heat.  But  since  it  is  now  taken  for 
gnmted  that  the  earth  is  one  of  the  planets,  and  that  they  all  aro 
with  reason  supposed  habitable,  though  we  are  not  able  to  define 
by  what  sort  of  animals ;  and  since  we  see  all  the  parts  of  the 
crartiDn  abound  with  animate  beings,  as  the  air  with  birds  and 
Hei,  tiie  water  with  the  numerous  rarieties  of  fish,  and  the  yery 
earth  with  reptiles  of  so  many  .corts ;  all  whose  ways  of  living 
would  be  to  us  incredible,  did  not  daily  experience  teach  us  ;  why^ 
tiien  should  we  think  it  strange  that  the  prodigious  mass  of  matter, 
of  which  this  globe  consists,  should  be  capable  of  some  other  im< 
prorements,  than  barely  to  serve  to  support  its  surface?  Why  may 
not  we  rather  suppose  that  the  exceeding  small  quantity  of  solid 
matter,  in  respect  of  the  fluid  ether,  is  so  disposed  by  the  Almighty 
wisdom,  as  to  yield  as  great  a  surface  for  the  use  of  living  creatures, 
as  can  consist  with  the  convenieocy  and  security  of  the  whole? 

But  still  it  may  be  said^  that  without  light  there  can  be  no  living, 
and  therefore  all  this  apparatus  of  our  inward  globes  must  be  use. 
less  :  to  this  I  answer,  that  there  are  many  ways  of  producing  light, 
wliich  we  are  wholly  ignorant  of;  the  medium  itself  may  be  always 
luminous,  after  the  manner  of  our  ignes  fatui.  The  concave  arches 
may  in  several  places  shine  with  such  a  substance,  as  invests  the 
surface  of  the  sun ;  nor  can  we,  without  a  boldness  unbecoming  a 
pidlosopher,  adventure  to  assert  the  impossibility  of  peculiar  lumi- 
naries below,  of  which  we  have  no  sort  of  idea. 

Iiastly,  to  explain  yet  farther  what  I  mean,  let  us  suppose  our 
own  globe  to  consist  of  four  different  circles :  that  the  surfaoe  of 

you  IT»  2  c 
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the  etrth  is  represeqted  by  the  oatward  circle,  and  that  the  thretf 
inoer  circles  are  made  nearly  proportiooable  to  the  magnitudes  of 
the  planets^  Venos,  Mars,  and  Mercury,  all  which  may  be  included 
within  this  globe  of  the  earth,  and  all  the  arches  be  more  than  suffi* 
ciently  strong  to  bear  their  weight.  The  concave  of  each  arch, 
which  is  shaded  differently  from  the  rest,  we  may  suppose  to  be 
made  up  of  magnetical  matter ;  and  the  whole  to  turn  about  tbf 
same  common  axis  ;  only  with  this  difference,  that  the  outer  sphere 
still  moTes  somewhat  faster  than  the  inner.  Thus,  the  diameter  of 
the  earth  being  about  8000  English  miles,  I  allow  500  miles  foifthe 
tiifckness  of  its  shell,  and  another  space  of  50O  miles  for  a  medium 
between,  capable  of  an  immense  atmosphere  for  the  use  of  the  globe 
of  Venus.  Venus  again  I  gi?e  a  shell  of  the  same  thickness^  and 
leaye  as  great  a  space  between  her  coucave  and  Mars  ;  so  likewist 
from  Mars  to  Mercury,  which  latter  ball  we  will  suppose  solid,  and 
about  3000  miles  diameter. 

Since  this  was  written,  a  discovery  I  hare  made  in  the  celeitial 
motions,  seems  to  render  a  farther  account  of  the  use  of  the  cavity 
of  the  earth,  viz.  To  diminish  its  specific  gravity  in  respect  of  the 
moon:  fori  think  I  can  demonstrate,  that  the  opposition  of  th^ 
ether  to  the  motions  of  the  planets,  in  long  time  becomes  sensible; 
and  consequently  the  greater  body  must  receive  a  less  opposition 
than  the  smaller,  unless  the  specific  gravity  of  the  smaller  do  pro. 
portionably  exceed  that  of  the  greater,  in  which  case  only  they 
can  move  together ;  so  that  the  cavity  I  assign  in  the  earth  may 
well  serve  to  adjust  its  weight  to  that  of  the  moon ;  for  othorwise 
the  earth  would  leave  the  moon  behind  it,  and  she  become  another 
primary  planet. 

IPhil.  JYans.  169?. 
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8KCTION  111. 

Magnetical  experimenii. 


U  B^  Mr.  SeUertK 

On  magnetic  needlev, 

Mr.  Sellers  states,  that  he  had  ofteo  made  trial  with  manj 
■eedleSy  touching  them  on  each  hemisphere  of  the  stone,  in  all 
variety  of  ways  he  could  ixnnglne,  to  find  if  it  were  possible,  b/ 
Aat  means,  to  cause  any  of  those  needles  to  vary  in  its  direction: 
bvt  that  he  always  found  the  contrary,  all  of  them  conforming  to 
ttie  magnetical  meridian,  anil  standing  north  and  south,  as  other 
Itoadles  that  were  touched  on  the  very  pole  of  the  stone.  He  adds^ 
Ait  tome  of  these  experiments  he  tried  in  London,  when  thera 
no  Tariation  known. 

Tiiat  on  frequent  trials  of  touching  needles  with  difTere nt  load. 

of  several  magnitudes,   as  also  of  difTercnt    firtue,   the 

lyedks  touched  gave  all  of   them    the    same   directions.      This 

bt  tUnks  is  confirmed  by  all  the  needles,  and  sea  compasses, 

Wide  in  seycral  pnrts  of  the  world,  and  consequently  touched  on 

leferal  stones  of  different  countri(>s,  yet  all  agreeing  in  this  mag. 

Wtical  harmony,  that  they  all  give  the  same  directions.     That 

htfing  sometimes  drawn  a  needle  only  over  the  pole  of  the  stone, 

within  the  sphere  of  its  virtue,  without  touching  the  stone,   it  has 

ftceived  the  same  directive  quality  from  the  stone  as  if  it  bad  been 

mlly  touched  on  the  stone  itself,  though  not  altogether  so  strong 

as  if  it  had  touched  the  stone.     Again,  that  having  touched  needles 

en  the  stone  with  faint  strokes,  and  other  needles  with  stronger, 

iO  these  needles  received  the  same  effect  from  the  stone,  both  for 

strength  and  direction ;  be  conceiving  that  it  is  not  the  fainter  or 

stronger  touches  on  the  stone,  nor  the  multiplicity  of  strokes^  that 

varies  the  needle's  strength  or  direction;  but  that  the  nature  of 

the  steel  whereof  the  needle  is  made,  and  the  temper  that  is  gifen 

Ihereunt0|  cause  different  effects  as  to  the  strength  it  receives  from 

the  stone ;  himself  having  tried  all  sorts  of  steel  that  he  could  pos- 

dbly  procure,  and  all  the  different  tempers  he  could  imagine,  for 
■  i. 

*  This  lerms  to  be  the  first  notice  of  making  artificial  magnets*  Mr.  Sel- 
len  it  probably  the  person  of  the  same  name  wbo  was  chc  author  of  Fractlcal 
NavfgatloB,  in  1669* 

3C3 
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the  most  powerful  receiviog  and  reititiing  the  Tirtue  from  the  load* 

stone ;  he  also  affirms  that  he  has  fullj  satisfied  himself  that  be  can 

infuse  sudi  virtue  into  a  piece  of  steel,  that  it  shall  take  up  a  piece 

of  iron  of  two  ounces  weight  or  more  ;  and  gire  also  to  a  needle 

the  virtue  of  conforming  to  the  magnetical  meridian,  without  the 

help  of  a  loadstone    or  anj  thing  else  that  has  received  Tirtue 

ther^rom. 

IPhtl.  Trans.  Abr.  1667. 

*i.  By  Mr*  (afferwards  Dr.)  Gowan  Knight ;  sheTon  before  ike 
Royal  S octet  1/ J  November  15,  IJ?^*. 

Mr.  Knight,  of  Magdalen  College,  Oxford,  being  introduced  to 
a  meeting  of  the  Royal  Society  on  Thursday  the  15th  of  Nofem* 
ber,  1744,  produced,  before  the  gentlemen  there  present,  several 
curious  artificial  magnets  contrived  by  himself;  some  of  which 
consisted  of  plain  bars  of  steel  naked,  and  others  of  bars  or  blodcs 
of  the  same  substance,  armed  with  iron  after  the  common  manner 
of  natural  loadstones  :  but  as  he  was  apprehensive  the  trials  ha  had 
before  made  of  the  weights  these  magnets  were  respectively  capable 
of  lifting  could  hardly  be  repeated  with  sufficient  exactness,  and 
advantage  before  so  large  a  company,  he  desired  to  refer  himself, 
for  those  particulars,  to  what  the  president  of  the  Society  bad  seen 
nt  his  lodgings  on  Wednesday  the  7th,  and  on  Tuesday  the  13th  of 
the  same  month  of  November. 

On  which  the  president  acquainted  the  company,  that  he  bad 
lately  been  several  times  at  Mr.  Knight's  lodgings,  where  he 
had  seen  many  experiments  made  with  his  artificial  magnets;  and 
that,  particularly  on  the  days  aboTementioned,  he  had  been  present, 
and  had  taken  minutes  of  the  following  trials  then  made  by  that 
gentleman^  by  which  it  appeared,  that — 

A  small  eight-cornered  bar  of  steel,  of  the  length  of  7«10di 
inches,  and  about  half  an  ounce  Troy  weight,  lifted  by  one  of  its 
ends  about  eleven  of  the  same  ounces. 

That  another  plain  bar  of  steel,  of  a  parallelepiped  form,  of  the 
length  of  5^9.10th  inches,  the  breadth  4.16ths,  and  the  thickness 

*  There  is  another  paper  containing  an  additional  series  of  experiment  oo  the 
siune  subject,  made  by  the  same  experimentistsy  contained  in  vol.  xliv«  jcar 
l74T».of  the  Truuactions;  but  it  is  not  mach  mere  than  an  cxj[>ansion  of  those 
presented  above.  5*croa, 
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«.10tkt  •£  tn  iacb,  weighing  9  oz.  ^  dwt  lifted  bf  one  of  its  eodf 
tmentj  Troy  ounces. 

That  a  steel  bar,  almost  of  the  same  form  as  the  last^  bat  oalj 
ibnr  inches  in  length,  capped  or  armed  with  iron  at  each  end, 
cramped  with  siWer,  and  weighing  all  together  1  oz.  14  dwt.  liftod 
by  the  feet  of  the  armour  full  4  lb,  Troy. 

That  a  single  block  of  steel  of  a  parallelepiped  form,  almost  four 
inches  long,  12.10th  inches  in  height,  and  4-1  Oths  of  an  inch  in 
thicknete,  armed  with  iron,  cramped  with  brass,  suspended  by « 
ring  of  the  same,  and  weighing  all  together  14  oz.  1  dwt.  lifted  by 
the  feet  of  the  armour  14  lb.  3|  oz.  Troy  weight. 

That  a  compound  artificial  magnet  was  also  tried,  consisting  of 
twdf e  bars  of  steel  armed,  and  that  it  was  found  to  lift  by  the  feet 
of  the  armour,  as  the  last,  33  lb.  Troy,  2^  oz. 

The  tweWe  bars,  composing  this  last  magnet,  were  each  a  little 
more  than  four  inches  long,  3«10ths  of  an  inch  in  breadth,  and 
lH-lOOths  of  the  same  in  depth,  weighing  one  with  another  about 
36  dwt«  eaclu  They  were  all  placed  one  on  another,  so  as  to  make 
together  one  paralellopiped  body,  of  the  common  length  and 
btendth  of  the  sereral  bars,  but  of  the  he^ht  of  near  two  inches, 
being  the  sum  of  the  respectiye  thicknesses  of  all  the  bars  taken  to- 
gether :  and  this  paralellopiped  body,  being  cramped  with  brass, 
and  itted  with  a  handle  of  the  same  metal,  was  armed  at  the  two 
ends  tiiat  were  made  up  of  the  common  extremities  of  all  the  bars, 
with  two  substantial  pieces  of  iron,  after  the  common  manner  of 
arming  natural  loadstones,  the  whole  frame  weighing  together  about 
twenty  ounces  Troy. 

Besides  these,  the  president  made  also  the  following  report  of 
tome  trials  he  had  seen  made  at  the  same  time  of  the  effects  of  an 
art  Mr.  Knight  is  master  of,  by  which  he  can  improfe  or  increase 
the  lifting  powers  of  natural  loadstones. 

He  carried  with  him,  on  Wednesday  the  7th  of  Norember,  a 
small  armed  loadstone  belonging  to  an  acquaintance,  which  weighed, 
with  its  armour,  7  dwt.  14  gr. ;  but  which,  being  reputed  but  of 
an  ungenerous  nature,  took  up,  and  with  some  difficulty,  barely 
two  ounces.  Mr.  Knight  took  it  into  his  study,  and  returning  it 
in  about  a  minute,  it  then  took  up  more  than  four  ounces  with 
ease  :  but,  on  his  saying  it  would  still  gain  some  more  strength, 
1^  remaining  with  him  some  time,  it  was  left  till  the  13th^  when  it 
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took  vp  distinctlj,  with  (he  same  apptrattu  «f  befoiv,  0  ot«  18  imt 
S  gr. ;  since  which  time  it  has  also  seYeral  times  been  fovod  to  lift 
nearly  the  same  quantity. 

Mr.  Knight  further,  at  the  same  time,  showed  tite  president  the 
following  instances  of  his  ability  to  in?ert  or  change  the  direction 
of  the  poles  in  natural  loadstones. 

Such  a  stone  belonging  to  Mr.  Francis  Hanksbee,  weighing  nboat 
5  OS.  14  dwts.  of  an  irregular  cylindrical  form,  with  two  of  the 
•ides  somewhat  flatted,  on  which  armour  had  formerly  been  ap- 
plied, had  the  direction  of  its  polarity  from  one*  of  these  flatted 
sides  to  the  other,  notwithstanding  the  stone  had  a  distinct  grata 
rnnning  at  right  angles  to  that  direction.  It  was  tried,  and  ob- 
serred  that  6ne  of  these  flatted  sides  strongly  attracted  the  north 
end,  and  repelled  the  south  ;  and  that  the  other  attracted  the 
south,  and  repelled  the  north  end  of  the  magnetic  needle.  The 
end  of  the  stone,  attracting  the  south  end  of  the  needle,  was  tlien 
marked,  by  the  rubbing  of  a  piece  of  silrer  upon  it,  aa  on  a  tooch- 
atone:  after  which,  Mr.  Knight  carried  the  stone  into  hia  stndy; 
and  reproducing  it  in  about  a  minute,  showed  that  (he  poles  were 
then  directly  inverted ;  and  that  the  same  end,  which  before  at- 
tracted the  south  end  of  the  needle,  now  attracted  the  north,  and 
repelled  the  south,  and  vice  Tcrsd. 

After  this,  Mr.  Knight,  again  taking  the  stone,  brought  it  back 
in  as  short  a  time  as  befon',  with  the  direction  of  its  polarity  torn* 
ed  at  right  angles  to  its  former  direction,  and  into  the  direction  of 
the  natural  grain  of  the  stone,  the  poles  now  lying  in  the  flat  ends 
of  the  cylinder  ;  one  of  which,  being  the  smoother  end,  attracted 
the  south  end  of  the  needle,  while  the  other,  which  was  of  a  rougher 
texture,  attracted  the  north  end,  and  repelled  the  south  end  of  the 
same :  when  it  was  also  observed,  that  the  polarity  appeared 
stronger  in  this  case,  than  either  of  the  former. 

Lastly,  Mr.  Knight,  in  about  the  same  time,  inverted  this  last 
direction  of  (he  poles,  keeping  it  still  parallel  to  the  axis  of  the 
cylinder,  but  causing  the  smooth  end  of  the  stone  to  attract  the 
north  end  of  the  magnetic  needle,  and  the  rough  end  to  attract  the 
south,  and  repel  the  north  end  of  the  same  needle. 

After  this  report,  Mr.  Knight  proceeded  to  show,  at  the  meet« 
ing,  some  of  the  Mme  artificial  magnets  there  mentioned  |  and  it 
wu  found,  that  the  compound  magnet,  consisting  of  twelre  stetl 
bars,  and  which  had^  in  the  eiperiment  made  before  the  president, 
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lifteif  991b.  9f  Of.  Troy  weight,  did  here^  under  all  the  ineonfre. 
niencies  and  disadrantages  of  a  crouded  room^  still  lift  a  weight 
timounting  to  21  lb.  1 1  oz. 

It  i^as  also  founds  that  the  fllngle  armed  block  of  steel,  which 
liad  before  lifted  141b.  9  oz.  did  here,  under  the  same  dbad ran. 
tages  as  the  former,  lift  13  lb.  7oz. 

And  lastly,  Mr.  Knight  produced  to  the  company  the  abore. 
mentioned  naturtfl  loadstone  belonging  to  Mr.Hauksbee,  bat  with 
the  direction  of  its  polarity  again  altered  from  what  it  was,  when  it 
-was  last  seen  by  the  president. 

P.S.  Since  the  artificial  magnets  mentioned  In  the  foregoing 
paper,  Mr.  Knight  has  caused  some  others  to  be  made  of  a  less 
size,  but  of  a  rery  great  lifting  power :  and  one  of  these,  weigh, 
tng,  without  its  amour,  just  an  onnce^  and  with  the  armour, 
cramps,  and  rings,  1  oz.  17  dwt.  lifted  6  lb.  10  oz. 

This  magnet  consisted  of  three  plates  of  steel,  each  two  incfhes 
long,  T-lOths  of  an  Inch  in  breadth,  and  not  abore  6*100ths  of  an 
lodi  in  thidcness :  they  were  laid  flat  on  each  other,  and  screwed 
together  by  two  small  brass  screws  going  through  the  three  plates. 
After  which,  the  little  parallelopiped  block  so  made  up,  was  armed 
with  iron  at  the  two  ends,  cramped  together  with  siWer,  and  fitted 
with  a  double  ring  of  the  same  metal,  for  the  conrenient  holding 
of  it. 

IPhil.  Trans  1744- 

3.  B^  Mr.  Benjamin  WiUon* 

Cooiaiaiog  an  account  of  Dr.  Knight*s  method  of  making  artificial  Loadttooai. 

The  method  was  this :  having  prorided  himself  with  a  large  quan« 
tity  of  clean  filings  of  iron,  Dr.  K.  put  them  into  a  large  tub  that 
was  more  than  one.third  filled  with  clean  water ;  he  then,  with 
great  labour,  worked  the  tub  ix^  and  fro  for  many  hours  together, 
that  the  friction  between  the  grains  of  iron  by  this  treatment  might 
break  off  such  smaller  parts  as  would  remain  suspended  in  the  wa* 
ter  for  some  time :  the  obtaining  of  which  yery  small  particles 
in  sufficient  quantity  seemed  to  him  to  be  one  of  the  principal  desi- 
derata in  the  experiment.  The  water  being  by  this  treatment  ren. 
dered  yery  muddy,  he  poured  it  into  a  clean  earthen  yessel,  leaying 
ihe  filings  behind ;  and  when  the  water  had  stood  long  enough  to 
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btcome  iAmtf  Im  poured  It  out  cmrtfoliy.  wiCkoni  dUloriiiag  stdi 
iif  tiie  iroD  ledtmeot  at  ttill  remaioedy  which  now  appisared  fo* 
duoed  almost  to  impaliiablo  powder.  This  powder  wu  afterward! 
lenored  into  another  resael)  in  order  to  drj  it ;  bat  aa  be  bad  not 
obtained  a  proper  qaantity  of  it  by  this  first  step,  he  was  obliged  to 
jepeat  the  process  manj  times. 

Having  at  last  procured  enough  of  this  rerj  fine  powder^  the 
9ext  thing  to  be  done  was  to  make  a  paste  of  it,  and  that  with  some 
retiicle  which  would  contain  a  considerable  quantity  of  tlie  phlo> 
gistic  principle  ;  for  this  purpose  he  had  recourse  to  linseed  oil  in 
preference  to  aU  other  fluids.  With  theye  two  ingredients  only,  he 
jnade  a  stiff  paste,  taking  a  particular  care  to  knead  it  well  befqie 
he  moulded  it  into  cooTenient  shapes.  Sometimes,  while  the  paste 
continued  in  its  soft  state,  he  would  put  the  impression  of  a  seal  on 
the  sereral  piecee »  one  of  which  is  in  the  British  Museum.  TUs 
paste  wag  thep  put  upon  wood,  and  sometimes  on  tiles,  in  outer 
to  bake  or  dry  it  before  a  moderate  fire,  at  about  a  foot  distaaoa. 
The  doctor  found,  that  a  moderate  fire  was  most  proper,  beoanse 
f  greater  degree  of  heat  made  the  composition  frequently  crack  in 
many  places. 

The  time  required  for  the  baking  or  drying  of  this  paste  waa  ga* 
nerally  fire  or  six  hours,  before  it  attained  a  sufficient  degree  of 
liardness.  When  that  was  done,  and  the  several  baked  pieces 
were  become  cold,  he  gave  them  their  magnetic  virtue  in  any  direc* 
tion  he  pleased,  by  placing  them  between  the  extreme  ends  of  hb 
large  magazine  of  artificial  magnets  for  a  few  seconds  or  more,  aa 
he  saw  occasion.  By  this  method  the  virtue  they  acquired  waa 
such,  that  when  any  one  of  those  pieces  was  held  between  two  of 
his  best  ten  guinea  bars,  with  its  poles  purposely  inverted,  it  ios. 
aaediately  of  itself  turned  about  to  recover  its  natural  directioB, 
^ich  the  force  of  those  very  powerful  bars  was  not  sufficient  to 
eoonteract. 

IPhiL  Tram.  1779. 
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CHAP.  XLV. 


AUROKA  BOREALIS  AND  AU8TRAL18. 


SECTION  I. 

General  History  and  Remarks. 

X  BS  reader  who  carefully  attends  to  the  differeot  seetions  of  tlie 
prearnt  chapter,  will  tee  the  propriety  of  our  haYing  preceded  it 
hf  a  chapter  explanatory  of  the  general  lawa  and  phenomena  of 
augnet'sm  :  siuce  he  will  find  sufficient  reason,  if  we  mistake  not, 
Car  concurring  in  the  general  opinion  of  the  day,  that  this  splendid 
meteor  is  the  result  of  a  combination  of  the  two  powers  of  mag. 
aetism  and  electricity. 

When  the  light  or  aurora  appears  chiefly  in  the  north  part  of 
Aft  hesTens,  it  is  AuaouA  Bouealis,  or  Nortuvrn  Lights  ;  and 
when  chiefly  in  the  south  part,  Aurora  Acstualis,  or  SouTiisaw 
LxGUTB.  Where  the  corruscation  is  more  than  ordinarily  bright 
and  streaming,  which,  howerer,  seldom  occurs  except  in  the  north, 
it  is  denominated  Lumen  Boreale;  and  where  these  streams  ha?e 
assumed  a  decided  coryature,  like  that  of  the  rain-bow,  they  are 
4iatinguished  by  the  name  o\  Luminous  AacuES. 

The  Aurora  b  chiefly  Tisible  in  the  winter  season  and  in  frosty 
weather.  It  is  usually  of  a  reddish  colour,  inclining  to  yellow, 
and  sends  out  frequent  corruscations  of  pale  light  which  seem  tO' 
rise  from  the  horizon  in  a  pyramidical,  undulating  form,  shooting 
with  great  Telocity  up  to  the  zenith.  This  meteor  nerer  appears 
near  the  equator,  but  of  late  years  has  frequently  been  seen  to* 
ward  the  south  pole,  and  when  in  that  situation  is,  as  above,  called 
Aurora  Aastr alts ^  or  southern  lights;  though  this  is  to  use  the 
•ame  term  in  two  difl'erent  senses. 

It  seems  that  the  aurora  borealis  has  appeared  at  some  periods 
more  frequently  than  at  others.  They  were  so  rare  in  England,  or 
else  were  so  little  regarded^  that  none  are  recorded  in  our  annals 
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between  a  remrkabto  one  ^Merred  oir  llie  IM  NoVteftfr  17B4| 
«ad  a  Tery  brilliant  one  on  the  6(h  of  Mardi,  I7!0;'Mlid  the'two 
eacceedfa^  nights,  bat  nHich  the-  etrongeet  on  the  Ani  night,  ex. 
oept  that  ive  smell  ones  were  noticed  in  the  years  1707  and  1706. 
Hence  it  may  be  inferred,  that  either  the  air  or  earth,  or  perhaps 
both,  are  not  at  all  times  fn  snch  a  state  as  tends  to  produce  tUi 
phenomenon. 

The  extent  of  these  a|^iearances  are  also  amsiingly  great ;  that 
In  March,  1716,  was  Tisibie  from  the  west  of  Ireland  to  the  con* 
fines  of  Russia,  and  the  east  of  Poland,  extending  orer,  at  least, 
tiiirty  degrees  of  longltode,  and  from  abont  the  fiftieth  degree  of 
latitude  over  almost  all  the  northern  part  of  Europe ;  and  in  M 
places,  at  the  same  time,  it  exhibited  the  like  wonderM  featmts. 
Father  Boscorich  determined  the  height  of  an  aurora  borealla  bb- 
aerved  by  the  Marquis  of  Polini,  Itftii  December,  1737,  and  IMiad 
it  9U  Mm  high ;  and  M.  Bergman,  from  a  mean  of  thirty  oalb* 
pntatinns,  makes  the  aTt^rage  height  to  be  70  Swedish,  or  40t 
English  miles.  Enler  supposes  the  aurora  to  be  more  than  donMe 
that  height ;  but  in  this  opinion  he  stands  alone ;  for  M.  Mafran, 
in  a  treatise  which  he  wrote  expressly  upon  thic  phenonemNi| 
ontttled,  <<  Traiti  Physique  et  Historique  de  1* Aurore  Boreal^" 
fixes  the  height,  on  an  UTerage,  at  175  leagues  f^om  the  eartii, 
which  is  equal  to  464  English  miles. 

Many  conjectural  opinions  have  been  formed  concerning  the 
cause  of  this  phenomenon ;  Dr.  Halley  imagined  that  the  watery 
vapours,  or  effluvia,  exceedingly  rarefied  by  subterraneous  fire, 
and  singed  with  sulphurous  streams,  which  many  naturalista  have 
aupposed  to  be  the  cause  of  earthquakes,  might  also  be  the  cause 
of  this  appearance ;  or  that  it  is  produced  by  a  kind  of  subtile 
matter  freely  pervading  the  pores  of  the  earth,  and  which  entering 
into  it  near  the  southern  pole,  passes  out  again,  with  some  foroe| 
into  the  ether,  at  the  same  distance  from  the  northern.  The  sttb. 
tile  matter,  by  becoming  more  dense,  or  Iwving  its  velocity  In* 
creased,  may  perhaps  foe  capable  of  producing  a  smsU  degree  of 
light,  after  the  manner  of  effluvia  from  electric  bodies,  whldf  by 
a  strong  and  quick  friction  emits  light  in  the  dark,  to  which  tort 
of  light  the  aurora  seems  to  bear  a  great  atfioity.  PhtL  Tram. 
No.  347. 

M.  de  Mairan^  in  the  treatise  above  quoted,  supposed  iti  cause 
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.tm  be  coditcal  light;  wbidi, accordiag  to  hinii  it  no  nora  than  the 
son'i  atmosphere :  this  light,  happening  on  some  occasions  to  kneet 
the  upper  parts  of  our  hemisphere,  about  the  limits  where  nni- 
«f ersai  gra? ity  begins,  which  it  passes*  On  the  contrary,  Eoler 
conceived  its  cause  to  be  particles  of  our  atmosphere  dri?en  be. 
yond  their  limits  by  the  impulse  of  the  solar  light.  He  supposes 
the  zodiacal  light  and  the  tails  of  comets  to  hare  a  similar  origin. 

fiat  ever  since  the  identity  of  lightning  and  of  electric  matter 
has  been  determined,  philosophers  have  been  led  to  seek  for  the 
explication  of  the  aurora  wholly,  or  for  the  most  part,  in  the  prfai^ 
ciplc'S  of  electricity,     fieside  the  more  obvious  and  known  ap« 
pearances  which  constitute  a  resemblance  between  this  meteor  and 
■the  electric  matter  by  which  lightning  is  produced,  it  has  been 
obserTed  that  the  aurora,  like  lightning,  occasions  a  very  sensible 
fluctuation  in  the  magnetic  needle ;  and  that  when  it  has  extended 
lower  than  usual  in  the  atmosphere,  the  corruscations  hare  been 
attended  with  various  sounds  of  rumblings  and  hissing,  especially 
in  Russia,  and  the  other  more  northern  parts  of  Europe,  as  no* 
tlced  by  Signiur  Beccaria  and  M.  Messier,     Mr.  Canton,  soon 
alter  he  obtained  electricity  from  the  clouds,  offered  a  conjecture 
that  the  aurora  is  occasioned  by  the  dashing  of  electric  fire  in 
positive  toward  negative  clouds,  at  a  great  distance  through  the 
opper  part  of  the  atmosphere,  where  the  resistance  is  least ;  and 
adds,  that  the  aurora  is  said  by  the  northern  people  to  be  remarks 
•ably  strong  when  a  sudden  thaw  happens  after  severe  cold.     The 
best  paper  upon  this  subject  is  that  which  was  written  by  Dr. 
Franklin,  and  read  to  the  Royal  Academy  of  Sciences  at  Paris, 
in  1779 ;  entitled  by  him  *^  Suppositions  and  Conjectures  towards 
forming  an  hypothesis  for  the  explanation  of  the  Aurora  l^realis.'* 
His  reasoning  is  as  follows  :  ^'  Air  heated  by  any  means  becomes 
rarefied,  and  specifically  lighter  than  other  air  in  the  same  situa. 
.tioo  not  heated ;  and  when  lighter  it  rises,  and  the  neighbouring 
eooler  and  heavier  air  takes  its  place.    If  in  the  middle  of  a  room 
yon  heat  the  air  by  a  stove,  or  pot  of  burning  coals,  near  the- 
floor,  the  heated  air  will  rise  to  the  ceiling,  spread  over  the  cooler 
air  till  it  comes  to  the  cold  walls;   there  being  condensed  and 
made  heavier,  it  descends,  to  supply  the  place  of  that  cool  air 
which  had  moved  towards  the  stove  or  fire,  in  order  to  supply  the 
place  of  the  heated  air  which  had  descended.    Thus  there  will 
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be  a  coDtioual  circulation  of  air  in  the  room,  whicli  my  be  re«. 
dered  Tisible  by  making  a  little  amoke,  for  that  smoke  will  riie 
and  circulate  with  the  air. 

^'  A  limilar  operation  is  performed  by  nature  on  the  air  of  this 
globe.  Above  the  lower  regions  of  our  atmosphere  the  air  is  so 
rare  as  to  be  almost  a  Tacuum.  The  air  heated  between  the  tropics 
is  continually  rising ;  its  place  is  suppHed  by  nortlierly  and  south, 
erly  winds,  which  come  from  the  cooler  regions*  The  light  lieated 
air  floating  abofe  the  cooler  and  denser,  must  spread  northward 
and  southward,  and  dcsceud  near  the  two  poles,  to  supply  the 
place  of  the  cool  air,  which  had  moved  towards  the  equator.  Thus 
a  circulation  of  air  is  kept  up  in  our  atmosphere,  as  in  the  room 
aboYe  mentioned.  That  heavier  and  lighter  air  may  mo?e  in  cur* 
rents  of  different  and  opposite  directions,  appears  sometimes  by 
the  clouds  that  happen  to  be  in  those  curreuts,  as  plainly  as  by 
the  smoke  in  the  experiment  above  mentioned ;  also,  in  opening 
a  door  between  two  chambers,  one  of  which  has  been  warmed, 
by  holding  a  candle  near  the  top,  near  the  bottom,  and  near  the 
middle,  you  will  find  a  strong  current  of  warm  air  passing  out  of 
the  warmed  room  abore,  and  another  of  cool  air  entering  below, 
while  In  the  middle  there  is  little  or  no  motion* 

*^  The  great  quantity  of  vapour  rising  between  the  tropics  forms 
clouds,  which  contain  much  electricity  ;  some  of  them  fall  in  raio, 
before  they  come  to  the  polar  regions.  Every  drop  brings  down 
some  electricity  with  it ;  the  same  is  done  by  snow  or  hail ;  the 
electricity  so  descending,  in  temperate  climates,  is  received  and 
Imbibed  by  the  earth.  If  the  clouds  be  not  sufficiently  discharged 
by  this  gradual  operation,  they  sometimes  discharge  themselves 
suddenly,  by  striking  into  the  earth,  where  the  earth  is  fit  to  re. 
celve  their  electricity.  The  earth,  in  temperate  and  Harm  climates, 
is  generally  fit  to  receive  it,  being  a  good  conductor. 

<^The  humidity  contained  in  all  the  equatorial  clouds  that  reach 
the  polar  regions,  must  there  be  condensed,  and  fall  in  snow. 
The  great  cake  of  ice  that  eternally  covers  those  regions  may  be 
too  hard  frozen  to  permit  the  electricity,  descending  with  that 
snow,  to  enter  the  earth.  It  may  therefore  be  accumulated  upon 
that  ice.  The  atmosphere  being  heavier  in  the  polar  regions  than 
in  the  equatorial,  will  there  be  lower ;  as  well  from  that  cause, 
as  from  the  smaller  effect  of  the  centrifugal  force :  consequently 
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tlie  distance  of  the  Tacitnm  abore  the  lower  part  of  the  atmoBphert 
will  he  less  at  the  poles  than  elsewhere,  and  probably  much  less 
than  the  distance  (upon  the  surface  of  the  globe)  extending  from 
the  pole  to  those  latitudes  in  which  the  earth  is  so  thawed  as  to 
receive  and  imbibe  electricity.  May  not  then  the  great  quantity 
of  electricity  brought  into  the  polar  regions  by  the  clouds,  which 
are  condensed  there,  and  fall  in  snow,  which  electricity  would 
enter  the  earth,  but  cannot  penetrate  the  Ice ;  may  it  not,  as  a 
bottle  oTercharged,  break  through  that  low  atmosphere,  and  mn 
along  in  the  racuum  o?er  the  air  towards  the  equator ;  diverging 
as  the  degrees  of  longitude  enlarge ;  strongly  visible  where 
densest,' 'and  becoming  less  visible  as  it  more  diverges;  till  it  (inde 
a  passage  to  the  earth  in  more  temperate  climates,  or  is  mingled 
with  the  upper  air  ?  If  such  an  operation  of  nature  were  really 
performed,  would  it  not  give  all  the  appearances  of  an  aurora 
borealis?  And  would  not  the  auroras  become  more  frequent  after 
the  approach  of  winter ;  not  only  because  more  visible  in  longer 
nights,  but  also  because  in  summer  the  long  presence  of  the  son 
may  soften  the  surface  of  the  great  ice-cake,  and  render  it  a  eon* 
ductor,  by  which  the  accnmulatlon  of  electricity  in  the  polar 
regions  will  be  prevented  ? 

^^  The  atmosphere  of  the  polar  regions  being  made  more  dense 
by  the  extreme  cold,  and  all  the  moisture  in  that  air  being  frozen, 
may  not  any  great  li^ht  arising  therein,  and  passing  through  it, 
render  its  density  in  some  degree  visible  during  the  night  time,  to 
those  who  live  in  rarer  air  of  more  southern  latitudes  ?  And 
wonld  it  not  in  that  case,  although  in  itself  a  complete  and  fnll 
circle,  extending  perhaps  ten  degrees  from  the  pole,  appear  to 
spectators  so  placed  (who  could  see  only  a  part  of  it)  in  the  form 
of  a  segment,  its  chord  resting  on  the  horizon,  and  its  arch 
elevated  more  or  less  above  it,  as  beheld  from  latitudes  more  or 
less  distant ;  darkish  in  colour,  but  yet  sufficiently  transparent  to 
permit  some  stars  to  be  seen  through  it, 

^*  The  rays  of  electric  matter  issuing  out  of  a  body,  diverge  by 
mntaally  repelling  each  other,  unless  there  be  some  conducting 
body  near  to  receive  them  :  and  if  that  conducting  body  be  at  a 
greater  distance,  they  will  first  diverge,  and  then  converge,  in 
order  to  enter  it.  May  not  this  account  for  some  of  the  varieties 
of  figures,  seen  at  times,  in  the  motions  of  the  luminous  matter  of 
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the  anroru :  since  it  is  possible,  that  In  passing  oTer  the'afoMU' 
^here  from  the  north,  in  all  direetions  or  meridians^  towards  the 
equator^  the  rays  of  that  matter  may  find,  in  manj  places,  por* 
tions  of  cloudy  region,  or  moist  atmosphere  under  them,  which 
(being  in  the  natural  or  negatire  state)  may  be  fit  to  recelTe  them, 
and  towards  which  they  may  therefore  conTerge :  and  when  one 
of  those  receiving  bodies  is  more  than  satarated,  they  may  again 
diTerge  from  it,  towards  other  surrounding  masses  of  such  humid 
atmosphere,  and  thus  form  the  crowns,  as  they  are  called,  and 
other  figures  mentioned  in  the  histories  of  this  meteor  ?'* 

That  similar  corruscations  are  frequently  Tisible  in  southern  lati* 
tndet  was  not  known  until  Captain  Cook  made  his  firsf^Toyagv 
round  the  world.  He  speaks  of  an  appearance  of  this  kind 
on  the  16th  of  September,  1770,  about  ten  o'clock  at  night; 
it  consisted  of  a  dull,  reddish  light,  and  reached  about 
twenty  degrees  above  the  horizon ;  its  extent  was  very  dilL 
ferent  at  difierent  times,  but  it  was  never  less  than  eight  or  ten 
points  of  the  compass.  Through  and  out  of  this,  passed  rays 
of  light  of  a  brighter  colour,  which  vanished  and  were  renewed 
nearly  in  the  same  time  as  those  in  the  aurora  boreal  is,  but  had 
little  or  no  vibration.  The  body  of  it  bore  S.S.C.  from  the  ship; 
and  continued  without  any  diminution  of  its  brightness  tilt  twelve 
o'clock,  when  the  observers  retired.  The  ship  was  at  this  time 
within  the  tropic  of  Capricorn. 

In  the  course  of  his  second  voyage,  Captain  Cook  remarks, 
that  on  February  17,  1773,  ^^  a  beautiful  phenomenon  was  ob. 
served  in  the  heavens ;  it  consisted  of  long  colours  of  a  clear 
white  light,  shooting  up  from  the  horizon  to  the  eastward,  almost 
to  the  zenith,  and  spreading  gradually  over  the  whole  southern 
part  of  the  sky.  These  columns  even  sometimes  bent  sideways 
at  their  upper  extremity ;  and  though  in  most  respects  similar  to 
the  northern  lights,  (^Aurora  Borealis  of  our  hemisphere)  yet 
differed  from  them  in  being  always  of  a  whitish  colour;  whereat, 
ours  assume  various  tints,  especially  those  of  a  fiery  and  purple 
hue.  The  star;  were  sometimes  hid  by,  and  sometimes  faiiitiy  to 
be  seen  through  the  substance  of  these  southern  lights,  Aurora 
Australis.  The  sky  was  generally  clear  when  they  appeared, 
and  the  air  sharp  and  cold,  the  thermometer  standing  at  the  freer. 
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ing  point ;  the  ship  beiog  then  in  58°  south.*"  Forster  speaks  of 
the  same  phsnomenon^  as  well  as  six  others,  ou  different  nights^ 
as  February  19,  20,  21,  and  26,  March  15  and  20.+ 

Dalton  conceifes,  and  it  is  the  common  hypothesis  of  tlie  day, 
that  the  apparent  beams  of  the  aurora  are  the  projections  of  cyliiu 
drical  portions  of  a  magnetic  fluid,  which  are  actually  paralkl  to 
the  dipping  needle,  and  hence  seem  to  conrerge  to  the  magnetic 
pole ;  and  that  the  light  is  produced  by  the  transmission  of  elec- 
tricity through  them,  which  somewhat  disturbs  their  magnetic  pro« 
perties.  The  arches  are  always  perpendicular  to  the  magnetit 
meridian;  and  being  more  permanent  in  their  form,  afford  aa 
opportunity  of  determining  the  height ;  which  from  one  observa« 
tion,  on  a  base  of  22  miles,  Dalton  calculated  to  be  150  miles. 

This  calculation  is  almost  a  mean  between  the  computations  of 
other  observers:  for  while  Cavendish  states  it  at  from  63  to  71 
miles,  Cramer  advances  it  to  160  leagues,  and  Eames  to  not  lest 
than  200  leagues.  Cavendisih,  however^  admits  that  the  nature  of 
the  light  may  make  the  appearance  different  in  different  placet) 
and  renders  distant  observations  fallacious. 

Eames  supposes  the  aurora  to  be  derived  from  the  sun's  atmo* 
sphere,  eitending  in  some  directions  beyond  the  earth's  orbit ;  and 
attributes  the  nebulas  of  stars  and  the  tails  of  comets  to  a  similar 
substance. 

Van  Swindeu  observes  that  the  variation  of  the  magnetic  needle 
increases  when  the  aurora  borealis  is  approaching.|| 

Winn  remarks,  that  the  aurora  is  generally  followed  the  day 
after  by  a  stream  from  the  south  or  southwest.^ 

Blagden  and  Gmelin  offer  several  testimonies  of  a  rustling  noisa 
that  occasionally  accompanied  iUt 

Editoe. 


*  Second  Voyaf^e,  I.  53. 

f  ObsenratioDi  in  a  Voyage  round  the  World,  p.  120. 

I  Petr.  Acad.  1783« 

S  Phil.  Trans,  1774, 
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decMtii  ofMurpHihig  Ugkti  in  the  Ait^  Mmrek  0,  1714  %  wlA 
a«  attempt  te  explain  their  prim^ai  Fhmaememeu 

.   Bj  EdflMDd  Halley,  J.Y.D.  SaTiKan  Profeaior  of  GSeoMctfyt  Osmi,  «ad 

Secretary  to  the  Royal  Society. 

Oif  Toetdaj,  March  0,  O.  S.  1716,  the  aftsnioon  hsTlag  Imsb 
tery  terene  and  calm,  and  somewhat  waraer  than  ordiaary,  absot 
wven  o^clockyout  of  what  seemed  a  dnskj  dood,  in  the  N.E.  ptHi 
of  the  heaven,  and  scarcely  ten  degrees  high,  the  -edges  of  wUjII 
were  tinged  with  a  reddish  yellow,  as  if  the  moon  had  been  hM 
heUnd  it,  there  arose  rery  long  laminons  rays  or  stmks,  per. 
pendicnlar  to  the  horfaton,  some  of  which  seemed  neariy  to  asofd 
to  the  lenith.  Presently  after,  that  reddish  cloud  waa  sw&Uy  pro* 
pigated  along  the  northern  horison,  into  the  N.  W.  and  still  ht» 
ther  westerly ;  and  immediately  sent  forth  iti  rays  ^ter  tho  ease 
manner  from  all  parts,  now  here,  now  there,  obsenring  no  mle  or 
order  in  their  rishig.  Many  of  these  rays  seeming  to  conenr  Bear 
the  senith,  formed  there  a  corona,  or  Image,  wliich  draw  tho  at- 
tention of  all  spectators,  who  according  to  their  sereral  concefH 
ttons  made  very  difiering  resemblances  of  it ;  but  by  which  com* 
pared  together,  those  that  saw  it  not  may  well  comprehend  after 
what  manner  it  appeared.  All  agree  that  this  spectrum  lasted 
only  a  few  minutes^  and  showed  itself  variously  tinged  with  co- 
lours, yellow,  red,  and  a  dnsl^y  green ;  nor  did  It  keep  in  tlie 
lame  place ;  for  when  first  It  begin  to  appear,  it  was  seen  a  little 
U}  the  northward  of  the  senith  ;  but  gradually  declining  toward  tho 
south,  the  long  strim  of  light,  which  arose  from  all  parts  of  the 
northern  semicircle  of  the  horizon,  seemed  to  meet  together,  not 
much  above  the  head  of  Castor^  or  the  northern  Twin,  and  tiiere 
soon  disappeared. 

After  the  first  impetus  of  this  asceuding  vapour  was  over,  the  co« 
rona  we  have  been  describing  appeared  no  more ;  but  still,  with- 
out any  order  as  to  the  time,  or  place,  or  size,  luminous  radii  like 
the  former  continued  to  arise  perpendicularly.  Nor  did  they  pro- 
ceed as  at  first,  out  of  a  cloud,  but  oftener  would  emerge  at  onoe 
out  of  the  pure  sky,  which  was  at  that  time  more  than  ordinary 
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reoe  ind  still.  Nor  were  they  all  of  the  same  form*  Most  of 
theiiK.seeined  to  end  in  a  point  upwards,  like  erert  cones  ;  others 
like  trancated  cones  or  cylinders,  so  much  resembled  the  long  tails 
of  comets,  that  at  first  sight  they  might  well  be  taken  for  such. 
Again,  some  of  these  rays  would  continue  visible  for  several  mi. 
nates  ;  when  others,  mid  those  the  much  greater  part,  just  shewed 
themselves,  and  died  away.  Some  seemed  to  have  little  motion, 
and  to  stand  as  it  were  fixed  among  the  stars,  while  others  with  a 
"wery  perceptible  translation  mo?ed  from  east  to  west  under  the  pole, 
contrary  to  the  motion  of  the  heavens  ;  by  which  means  they 
would  sometimes  seem  to  run  tos^ether,  and  at  other  times  to  fly 
one  another,  aflfording  a  surprising  spectacle  to  the  beholders. 

After  this  si^ht  had  continued  about  an  hour  and  a  half,  the 
beams  began  to  rise  much  fewer  in  number,  and  not  near  so  high, 
and  gradually  that  diffused  light,  which  had  illustrated  the  north* 
em  parts  of  the  hemisphere,  seemed  to  subside,  and  settling  on  the 
horizon  formed  the  resemblance  of  a  very  bright  crepuscuium. 
On  the  first  information  of  the  thing,  I  immediately  ran  to  the 
windows,  which  happened  to  look  to  the  south  and  south  west 
quarter  ;  and  soon  perceived,  that  though  the  sky  was  Tery  clear, 
yet  it  was  tinged  with  a  strange  sort  of  I'ght ;  so  that  the  smaller 
stars  were  scarcely  to  be  seen,  and  much  as  it  is  when  the  m<  on  of 
four  days  old  appears  after  twilight.  We  perceived  a  very  thin 
vapour  pass  before  us,  which  arose  from  the  precise  east  part  of  the 
horizon,  ascending  obliquely,  so  as  to  leave  the  zenith  about  fifteen 
or  twenty  degrees  to  the  northward.  But  th^^  swiftness  with 
which  it  proceeded  was  scarcely  to  be  believed,  s»eeinin«i  not  infe. 
rior  to  that  of  lightning  ;  and  exhibiting  as  it  passed  on  a  sort  of 
momentaneous  nubecula,  which  discovered  itself  by  a  very  diluted 
and  faint  whiteness  ;  and  was  no  sooner  formed,  but  before  the 
eye  could  well  take  it,  it  was  gone,  and  left  no  signs  behind  it. 
Nor  was  this  a  single  appearance ;  but  for  several  minutes,  about 
six  or  seven  times  in  a  minute,  it  was  again  and  again  repeated  ; 
these  waves  of  vapour,  if  I  may  so  call  it,  regularly  succeeding  one 
another,  and  nearly  at  equal  intervals  ;  all  of  them  in  their  ascent 
producing  a  like  transient  nubecula. 

By  this  particular  we  were  first  assured,  that  the  vapour  we 
saw,  whatever  it  was,  became  conspicuous  by  its  own  proper  light, 
without  help  of  the  sun's  beams ;  for  these  nubecula  did  not  disco* 

VOL.  IV.  2  D 
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Ter  themselYes  in  anjr  other  part  of  their  passage,  but  onijr  between 
the  south-east  and  soath,  where  being  opposite  to  the  son  thay 
were  deepest  immersed  in  the  cone  of  the  earth's  shadow,  nor  weft 
they  visible  before  or  after.  Whereas  the  contrary  must  hsLie  hap. 
pened,  had  they  borrowed  their  light  from  the  sun, 

A  little  after  ten  o'clock,  we  found,  on  the  western  side,  tIb. 
between  the  W.  and  N.W.  the  representation  of  a  very  briglit 
twilight,  contiguous  to  the  horizon  ;  out  of  which  there  arose  Teiy 
long  beams  of  light,  not  exactly  erect  toward  the  rertex,  but  some. 
thing  declining  to  the  south,  which  ascending  by  a  quick  and  undi* 
lating  motion  to  a  considerable  height,  vanished  in  a  little  time ; 
while  others,  thongh  at  uncertain  intervals,  supplied  their  place. 
But  at  the  same  time,  through  all  the  rest  of  the  northern  horizon, 
viz.  from  the  north  west  to  the  true  east,  there  did  not  appear  any 
sight  of  light  to  arise  from,  or  join  to,  the  horizon  ;  but  on  the  con* 
trary,  what  appeared  to  be  an  exceedingly  black  and  dismal  dond 
seemed  to  hang  over  all  that  part  of  it.  Yet  it  was  no  clond,  hot 
only  the  serene  sky  more  than  ordinary  pure  and  limpid,  so  that  the 
bright  stars  shone  clearly  in  it,  and  particularly  Cauda  Cygni  then 
very  low  in  the  north  ;  the  great  blackness  manifestly  proceeding 
from  the  neighbourhood  of  the  light  which  was  collected  above  it. 
For  the  light  had  now  put  on  a  form  quite  different  from  all  that 
we  have  hitherto  described,  and  had  fashioned  itself  into  the  shape 
of  two  laminae  or  streaks,  lying  in  a  position  parallel  to  the  hori- 
zon, whose  edges  were  but  ill  terminated.  Thoy  extended  them, 
selves  from  the  N.  by  E.  to  the  north  east,  and  were  much  about 
a  degree  broad  ;  the  undermost  about  eight  or  nine  degrees  high, 
and  the  other  about  four  or  five  degrees  over  it ;  these  kept  their 
places  for  a  long  time,  and  made  the  sky  so  light,  that  I  believe  a 
man  might  easily  have  read  an  ordinary  print  by  it. 

While  we  stood  astonished  at  this  surprising  sight,  and  expecting 
what  was  further  to  come,  the  northern  end  of  the  upper  lamina  by 
degrees  bent  downwards,  and  at  length  closed  with  the  end  of  the 
other  that  was  under  it,  so  as  to  shut  up  on  the  north  side  an  inter, 
mediate  space,  which  still  continued  open  to  the  east.  Not  long 
after  this,  in  the  said  included  space,  we  saw  a  great  number  of 
small  columns  or  whitish  streaks  to  appear  suddenly,  erect,  to  the 
horizon,  and  reaching  from  one  lamina  to  the  other ;  which  instant, 
ly  disappearing,  were  too  quick  for  the  eye,  so  that  we  could  not 
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judge  whether  they  arose  from  the  under  or  fell  from  the  upper, 
but  bj  their  sudden  alterations  thej  made  such  an  appearance  as 
might  well  be  taken  to  resemble  the  conflicts  of  men  in  battle. 

And  much  about  the  same  time^  to  increase  our  wonder,  there 
b^an  on  a  sudden  to  appear,  low  under  the  pole  and  rery  near 
doe  north,  three  or  four  lucid  areas  like  clouds,  disroTering  them* 
aeWeSi  in  the  pure  but  very  black  sky,  by  their  yellowish  light. 
These,  as  they  broke  out  at  once,  so  after  they  had  continued  a 
few  minutes,  disappeared  as  quick  as  if  a  curtain  had  been  drawa 
OTer  them.  They  were  of  no  determined  figure,  but  both  in 
shape  and  size  might  proi)erly  be  compared  to  small  clouds  illumU 
nated  by  the  full  moon,  but  brighter. 

Not  long  after  this,  from  above  the  aforesaid  two  laminae,  there 
arose  a  rery  great  pyramidical  figure,  like  a  spear,  sharp  at  the 
top)  whose  fides  were  inclined  to  each  other  with  an  angle  of 
about  four  or  five  degrees,  and  which  seemed  to  reach  up  to  the  ze* 
nith,  or  beyond  it.  This  was  carried  with  an  equable  and  not  very 
slow  motion,  from  the  N.E.  where  it  arose,  into  the  N.W.  where  it 
disappeared,  still  keeping  a  perpendicular  situation,  or  rery  near 
it;  and  passing  successively  over  all  the  stars  of  the  Little  Bear,  did 
not  efface  the  smaller  ones  in  the  tail,  which  are  but  of  the  fifth 
magnitude ;  such  was  the  extreme  rarity  and  perspicuity  of  th« 
matter  it  consisted  of. 

This  single  beam  was  so  far  remarkble  above  all  those  that  for 
a  great  while  before  had  preceded  it,  or  that  followed  it,  that  if 
its  situation  among  the  circumpolar  stars  had  at  the  same  instant 
been  accurately  noted,  for  example,  at  London  and  Oxford,  whose 
difference  of  longitude  is  well  known,  we  might  be  enabled  with 
some  certainty  to  pronounce,  by  its  div€rsita$  aspectij  concerning 
its  distance  and  height ;  which  was  doubtless  very  great,  though  as 
yet  we  can  no  wise  determine  them.  But  as  this  phenomenou 
found  all  those  that  are  skilled  in  the  observation  of  the  hearens 
unprepared,  and  unacquainted  with  what  was  to  be  expected  ;  so 
it  left  them  all  surprised  and  astonished  at  its  novelty.  When 
therefore  for  the  future  any  such  thing  shall  happen,  all  those  that 
are  curious  in  astronomical  matters,  are  hereby  admonished  and 
entreated  to  set  their  clocks  to  the  apparent  time  at  London,  for 
example,  by  allowing  so  many  minutes  as  is  the  difference  of  me  • 
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ridians,  and  then  to  note  at  the  end  of  ereiy  half  hoar  predieiji 
the  exact  situation  of  what  at  that  time  appears  remarkable  in  the 
sky,  and  particularly  the  azimuths  of  those  Tery  tall  pjramidf 
so  eminent  aboTe  the  rest,  and  therefore  likely  io  be  seen  farthest; 
that  by  comparing  those  observations  taken  at  the  same  moment  io 
distant  places,  the  difference  of  their  azimuths  may  serve  to  deter- 
mine how  far  those  pyramids  are  from  us. 

It  being  now  past  11  o'clock,  and  nothing  new  offering  itself  to 
our  view,  but  repeated  phases  of  the  same  spectacle,  we  thought 
it  no  longer  worth  while  to  bear  the  chill  of  the  night  air  sud  dio. 
Therefore  returning  to  my  house,  I  made  haste  to  my  upper  win- 
dows, which  conyeniently  enough  look  to  the  N.E.  parts  of  hea. 
ven,  and  soon  found  that  the  two  lamina!  or  streaks  parallel  to  the 
horizon,  of  which  we  hare  been  speaking,  had  now  wholly  disap. 
peared :  and  the  whole  spectacle  reduced  itself  to  the  resemUaace 
ofarery  bright  crepusculum,  settling  on  the  northern  horisoo, 
so  as  to  be  brightest  and  highest  under  the  pole  itself;  from 
whence  it  spread  both  ways,  into  the  N.£.  and  N.W.  Under  this, 
in  the  middle  of  it,  there  appeared  a  very  black  space,  as  it  were 
the  segment  of  a  lesser  circle  of  the  sphere  cut  off  by  the  horisoD. 
It  seemed  to  the  eye  like  a  dark  cloud,  but  was  not  so  ;  for  by 
the  telescope  the  small  stars  appeared  through  it  more  clearly  than 
usual,  considering  how  low  they  were ;  and  on  this  as  a  basis  our 
lumen  auroriformc  rested,  which  was  a  segment  of  a  ring  or  sone 
of  the  sphere,  intercepted  between  two  parallel  lesser  circles,  cut 
off  likewise  by  the  horizon  ;  or,  if  you  please,  the  segment  of  a 
very  broad  iris,  but  of  one  uniform  colour,  viz.  a  flame-colour 
inclining  to  yellow,  its  centre  being  about  forty  degrees  below  the 
horizon.  And  above  this  there  were  seen  some  rudiments  of  a  much 
larger  set;menf,  with  an  interval  of  dark  sky  between  ;  but  this 
was  so  exceedingly  faint  and  uncertain,  that  I  could  make  no  pro. 
per  estimate  of  it. 

I  was  very  desirous  to  have  seen  how  this  phenomenon  would 
end,  and  attended  it  till  near  three  in  the  morning,  and  the  rising 
of  the  moon  ;  but  for  above  two  hours  together  it  had  no  manner 
of  change  in  its  appearance,  nor  diminution  nor  increase  of  light : 
only  sometimes  for  very  short  intervals,  as  if  new  fuel  had  been 
cast  on  a  fire,  the  light  seemed  to  undulate  and  sparkle,  not  nnlike 
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4be -rising  Tapourons  smoke  out  of  a  great  blaze  when  agitated. 
B«t  one  thing  1  assured  myself  of  by  this  attendance  and  watching, 
Tim.  that  this  iris-like  figure  by  no  means  owed  its  origin  to  the 
SBo's  beams ;  for  that  about  three  in  the  morning,  the  sun  being  in 
the  middle  between  the  north  and  east,  our  aurora  had  not  follow. 
ed  him,  but  ended  in  that  very  point  where  he  then  was  ;  whereas 
-io  the  true  north,  which  the  sun  had  long  passed,  the  light  re. 
mained  unchanged,  and  in  its  full  lustre. 

Thus  far  I  have  attempted  to  describe  what  was  seen,  and  am 
heartily  sorry  I  can  say  no  more  as  to  the  first  and  most  surprising 
part  thereof,  which  however  frightful  and  amazing  it  might  Feem 
to  the  vulgar  beholder,  would  have  been  to  roe  a  most  agreeable 
aod  wished-for  spectacle  ;  for  I  then  should  have  contemplated 
proprii*  oculis  all  the  several  sorts  of  meteors  I  remember  to  have 
tiitherto  heard  or  read  of.  This  was  the  only  one  I  had  not  as  yet 
aeeo,  and  of  which  I  began  to  despair,  since  it  is  certain  it  has  not 
happened  io  any  remarkable  degree  in  this  part  of  England  since 
I  was  born  :  nor  is  the  like  recorded  in  the  English  annals  since 
the  year  of  our  Lord  1574,  that  is  above  140  years  since,  in  the 
reiga  of  Queen  Elizabeth.  Then,  as  we  are  told  by  the  historians 
of  those  times,  Cambden  and  Stow,  e)  e.witnesses  of  suihcient  ere. 
•dk,  for  two  nights  successively,  viz.  on  the  14th  and  l3th  of  Noy. 
'that  year,  much  the  same  wonderful  phsenomena  were  seen,  with 
^almost  all  the  same  circumstances  as  now. 

Nor  indeed,  during  that  reign,  was  this  so  rare  a  sight  as  it  has 
•beeo  siBce.  For  we  find  in  a  book  entitled,  A  Description  of  Me- 
teors, reprinted  at  London  in  the  year  1654,  signed  W.  F.  D.D. 
that  the  same  thing,  which  the  author  there  calls  Burning  Spears, 
was  seen  at  London  on  January  30,  1560  ;  and  again  by  the  tes- 
timony  of  Stow,  on  the  7th  of  October,  1564.  And  from  foreign 
aathors  we  learn,  that  in  the  year  1575  the  same  was  twic^  repeated 
in  Brabant,  viz.  on  the  13th  of  February  and  28th  of  September  ; 
Mid  seen  and  described  by  Cornelius  Gemma,  professor  of  medi. 
cioe  in  the  university  of  Lovain,  and  son  of  Gemma  Frisius  the 
mathematician,  in  a  discourse  he  wrote  on  the  prodigies  ot  those 
times,  after  several  ill-boding  prognostics,  he  thus  very  properly 
describes  the  cupola  and  corona  he  saw  in  tne  Chasma,  as  he  calls  it, 
of  February.     ^^  A  little  after,"  says  he^  ^^  spears  and  new  flames 
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arisiog  the  sky  seemed  to  be  all  on  a  tame,  from  dw  nortli  qvite 
up  to  the  zenith  ;  and  at  last,  the  face  of  the  sky  was,  for  a  whria 
hour  together,  changed  into  the  uncommon  form  of  a  diccboK,  the 
bloe  and  white  changing  alternately,  with  no  less  swiftnesi  aad 
Tertigious  motion  than  the  sun  beams  do,  when  reflected  from  a 
mirror." 

Here  it  is  not  a  little  remarkable,  that  all  these  four  already 
mentioned  fell  exactly  on  the  same  age  of  the  moon,  yiz.  aboot  two 
days  after  the  change. 

As  to  the  other  of  September  in  the  same  year  1575,  G^^OMBa 
writes ;  ^^  The  form  of  the  Chasma,  of  the  38th  of  September  foL 
lowing,  immediately^  after  sun  set,  was  indeed,  less  dreadfnl,  bat 
still  more  confused  and  various ;  for,  in  it  were  seen  a  great  maay 
bright  arches,  out  of  which  gradually  issued  spears,  cities  with 
towers  and  men  in  battle  array ;  after  that,  there  were  ezconioos 
of  rajTS  every  way,  waves  of  clouds  and  battles ;  mutually  pnrsaad 
and  fled,  and  wheeling  round  in  a  surprising  manner.'*  From 
hence  it  is  manifest  that  this  pheomenon  appeared  in  our  neigh. 
bourhood  three  several  times,  and  that  with  considerable  intervals, 
within  the  compass  of  one  year  ;  though  our  English  hitCofians 
hare  not  recorded  the  two  latter ;  nor  did  Gemma  see  that  af 
November,  1574,  probably  by  reason  of  clouds.  After  this,  in  the 
year  1 580,  we  have  the  authority  of  Michael  Mcastlin,  (himself  a 
good  astronomer,  and  still  more  famous  for  having  had  the  hononr 
to  be  the  great  K<  pier's  tutor  in  the  sciences)  in  his  book  de 
Cometa,  1580,  that  at  Baknang  in  the  country  of  Wirtemburg  in 
Germany,  these  chasmata,  as  he  likewise  stiles  them,  were  seen 
by  himself  no  less  than  seven  times  within  the  space  of  twelve 
months.  The  first  and  most  considerable  of  these,  was  on  the  very 
same  day  of  the  month  with  ours,  viz.  on  Sunday  the  6th  of 
March,  and  was  attended  with  much  the  same  circumstances.  And 
agahi,  the  same  things  were  seen  in  a  very  extraordinary  manner 
on  the  9th  of  April  and  10th  of  September  following  :  but  in  a  less 
degree,  on  the  6th  of  April,  Slst  of  September,  26th  of  December, 
and  1 6th  of  February  1581  :  the  last  of  which,  and  that  of  Che 
21st  of  September  must  needs  have  been  more  considerable  than 
they  then  appeared,  because  the  moon  being  near  the  full,  necessa. 
riiy  effaced  all  the  fainter  lights.  Of  all  these  however  no  one 
is  mentioned  in  onr  annals  to  have  been  seen  in  England,  nor  in 
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may  other  place  that  1  can  find  ;  sucii  was  the  neglect  of  curiont 
matlf^r  in  thoee  days. 

Tile  neit  iu  order  that  we  hear  of,  was  that  of  the  year  1621,  on 
Septeiaiier  the  id  O.  S.  seen  alt  over  France,  and  is  well  described 
by  GasiM'ndus  in  hb  phj  sics,  who  gives  it  the  name  of  aurora  bore- 
alls.  Tnis,  though  little  inferior  to  what  we  lately  saw,  and  ap« 
pearinj^  to  Uie  northwards  botn  of  Rouen  and  Paris,  is  no  where 
said  to  have  been  obst  rved  in  ICnglaud,  ofcr  which  the  light  seemed 
to  lie.  And  since-  then,  for  above  80  years,  we  have  no  account  of 
any  such  sight,  either  at  home  or  abroad  :  though  for  above  half 
tluit  time,  these  Fhilos.  Trans,  have  been  a  constant  register  of  all 
aoch  extraordinary  occurrences.  The  first  we  find  on  our  books, 
was  one  of  small  continuance,  seen  in  Ireland  by  Mr.  Nave,  Nov. 
10,  1 707  ;  of  which  see  Fhilos.  Trans.  No.  ^20.  And  in  the  Mis. 
ceLanea  Berolioeosia,  published  in  I710,  we  learn  that  in  the  same 
year  t7vi7,  both  on  January  24,  and  February  18,  O.S.  something 
ol  this  kind  was  seen  by  M.  Glaus  Romer,  at  Copenhagen  :  and 
again  Feliruary  !23,  the  same  excellent  astronomer  observed  there 
such  auothfT  appearance,  but  much  more  considerable ;  of  which 
yet  lie  onl}  saw  the  beginning,  clouds  interposing.  But  the  same 
wat  seen  tha^  night  by  Mr.  Gottfried  Kirch  at  Berlin,  about  200 
miles  trom  Copenhagen,  and  lasted  there  till  past  ten  at  night.  To 
tlwse  adJ  mother  small  one  of  short  duration,  seen  near  London,  a 
litHe  before  midnight  between  the  pth  and  10th  of  August,  1708, 
by  the  K.gnc  Rev.  Philip,  Lord  Bishop  of  Hereford,  and  by  his 
kirdship  communicated  to  the  Royal  Society  :  so  that,  it  seems,  in. 
little  more  than  eighteen  months  this  sort  of  light  has  been  seen  in 
tbe  sky,  no  less  than  &we  times,  io  the  years  1707  and  1708. 

Hence  we  may  reasonably  conclude  that  the  air,  or  earth,  or 
both,  are  sometimes,  though  but  seldom  and  at  great  intervals, 
disposed  to  produce  this  phenomenon :  for  though  it  be  probable 
tiMt  many  times,  when  It  happens,  it  may  not  be  observed,  as  fall- 
ing oat  In  the  day  time,  or  in  cloudy  weather,  or  bright  moon* 
shine :  yet  that  it  should  be  so  very  often  seen  at  some  times,  and 
so  seldom  at  others,  is  what  cannot  well  be  accounted  for  that  way* 
Therefore  considering  what  might  be  most  probably  the  material 
cause  of  these  appearances  ;  what  first  occurred  was  the  vapour  of 
water  rarefied  exceedingly  by  subterraneous  fire,  and  tinged  with 
sulphureous  steams ;  which  vapour  is  now  generally  supposed  bj 
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naturalists  to  be  the  cause  of  earthquakes.  And  as  parthquakei 
happen  with  great  uncertainty,  and  have  been  sometimes  frequent 
in  placrs.  where  for  many  years  before  and  after  they  hare  not 
been  felt ;  so  these,  wfiich  we  might  be  allowed  to  suppose  pro- 
duced by  the  eruption  of  the  pent  vapour  through  the  pores  of  the 
earth,  when  it  is  not  in  sufficient  quantity,  nor  sudden  enough  to 
shake  its  surface,  or  to  open  itself  a  passage  by  rending  it.  And 
as  these  vapours  are  suddenly  produced  by  the  fall  of  water  on  the 
nitro.sulphureous  fire  under  ground,  they  might  well  be  thought 
to  get  from  thence  a  tincture  which  might  dispose  them  to  shine  in 
the  night,  and  a  tendency  contrary  to  that  of  gravity  ;  as  we  find 
the  vapours  of  gunpowder,  iirhen  heated  in  vacuo^  to  shine  in  the 
dark,  and  ascend  to  the  top  of  the  receiver  though  exhausted. 

Nor  should  1  seek  for  any  other  cause  than  this,  if  in  some  of  these 
instances,  and  particularly  this  whereof  we  treat,  the  appearance 
had  not  been  seen  over  a  much  greater  part  of  the  earth's  snrfkce 
than  can  be  thus  accounted  for.  It  having  in  this  last  been  visible 
from  the  west  side  of  Ireland  to  the  confities  of  Russia  and  Poland 
on  the  east,  nor  do  we  ;^et  know  its  limits  on  that  side,  extending 
over  at  least  thirty  degrees  of  longitude ;  and  in  latitude,  from 
about  fifty  degrees  over  almost  all  the  north  of  Europe,  and  in  all 
places  exhibiting  ut  the  same  time  the  same  wouderous  circum* 
stances.  Now  this  is  a  space  much  too  wide  to  be  shaken  at  any 
one  time  by  the  greatest  of  earthquakes,  or  to  be  afiected  by  the 
perspiration  of  that  vapour,  which  being  included  and  wanting  vent, 
might  have  occasioned  the  earth  to  tremble.  Nor  can  we  this  way 
account  for  that  remarkable  particular  attending  these  lights,  of 
being  always  seen  on  the  north.side  of  the  horizon,  and  never  to 
the  south. 

Therefore  laying  aside  all  hopes  of  being  able  to  explain  these 
things  by  the  ordinary  vapours  or  exhalations  of  the  earth  or  wa- 
ters, we  must  have  recourse  to  other  sorts  of  effluvia  of  a  muck 
more  subtle  nature,  and  which  perhaps  may  seem  more  adapted 
to  bring  about  those  wonJerful  and  surprisingly  quick  motions  we 
have  seen.  Such  is  the  magnetical  'ffluvia,  whose  atoms  freely 
permpate  the  pores  of  (,he  most  solid  bodir  s,  meeting  with  no  obsta- 
cle from  the  interposition  of  ulass  or  marble,  or  even  gold  itself. 
Some  of  these,  by  a  perpetual  efflux,  arise  from  the  parts  near  the 
poles  of  the  magnet,  whikt  others  of  the  like  kind  of  atoms,  but 
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with  a  contrary  tendency,  enter  in  at  the  same  parts  of  the  stone, 
throQgh  which  they  freely  pass ;  and  by  a  kind  of  circalition 
surround  it  on  all  sides,  as  with  an  atmosphere,  to  the  distance 
of  some  dii'melers  of  the  body.  This  thinjr  Descartes  has  endea. 
▼oared  to  explain  (Princip.  Phiiosoph.  lib,  iv.)  by  the  hypothesis 
of  the  circulation  of  certain  screwed  or  striate  particles,  adapted 
to  the  pores  they  are  to  enter. 

Bat  without  inquiring  how  sufficient  the  Cartesian  hypothesis 
may  be  for  answering  the  several  phaenomena  of  the  magnet :  that 
the  fact  may  be  the  better  comprehended,  we  shall  endearour  to 
exhibit  the  manner  of  the  circulation  of  the  atoms  concerned 
therein,  as  taey  are  exposed  to  view,  by  placing;  the  poles  of  a  ter. 
rella  or  spherical  magnet  on  a  plain,  as  the  globe  on  the  horizon  of 
a  right  sphere  ;  then  strewing  fine  steel  dust,  or  filings,  very  thin 
on  the  plain  all  roun^  it,  the  particles  of  steel,  on  a  continued 
gentle  knocking  on  the  underside  of  the  plain,  will  by  degreo^ 
conform  themselves  to  the  fi>j;ures  in  which  the  circulation  is  per* 
formed.  Hence  it  may  appear  how  this  exceedingly  subtle  matter 
revolves  ;  and  particularly  how  it  permeates  the  magnet  with  more 
force  and  in  greater  quantity  in  the  circumpolar  parts,  entered  into 
it  on  the  one  side,  and  emerging  from  it  on  the  other,  under  the 
same  oblique  angles  :  whHe  in  the  middl*  zone,  near  the  magnet's 
equator,  very  few,  if  any,  of  these  particles  impinge,  and  those 
very  obliquely. 

Now  by  many  and  very  evident  artpiments,  it  appears  that  our 
globe  of  earth  is  no  other  than  otif  grea^  magnet ;  or,  if  I  may  be 
allowed  to  ailedge  an  invention  of  my  own.  rother  two;  the  one  in. 
eluding  the  other,  a^  tho  shell  includes  the  kernel ;  for  so  and  not 
otherwise  we  may  expluin  the  changes  ot  the  variation  of  the  magne* 
tical  needle  :  but  to  our  present  purpose  tiie  result  is  the  same.  It 
suffic^'s,  that  we  may  suppose  the  samci  sort  of  circulation  of  such 
an  exceedingly  fine  matter  to  be  perpetually  performeu  in  the  earth, 
as  we  observe  in  the  terrella:  which  subtle  mutter  freely  pervad* 
ing  the  pores  of  the  earth,  and  entering  into  it  n  ar  it&  southern 
pole,  may  pass  out  again  into  the  ether,  at  the  same  distance  from* 
the  northern,  and  with  a  like  force  ;  its  direction  being  siiil  more 
and  more  oblique,  as  the  distance  trom  the  poles  is  greater.  To  this 
we  beg  leave  to  suppo^ve,  that  this  subtle  matter,  no  otherwise  dis- 
covering itself  but  by  its  effects  on  the  maguelic  needle,   wholly 
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imperceptible,  and  at  other  times  invisible,  may  now  and  then,  by 
the  concourse  of  se? eral  causes  very  rarely  coincident,  and  to  ns  as 
yet  unknown,  be  capable  of  producing  a  small  degree  of  light ; 
perhaps  from  the  greater  density  of  the  matter,  or  the  greater  velo- 
city  of  its  motion :  after  the  same  manner  as  we  see  the  efflnvia  of 
electric  bodies,  by  a  strong  and  quick  friction,  emit  light  in  the 
dark  :  to  which  sort  of  tight  this  seems  to  have  a  great  affinity. 

This  being  allowed,  I  think  we  may  readily  assign  a  cause  for  se- 
Teral  of  the  strange  appearances  we  have  been  treating  of,  and  for 
some  of  the  most  difficult  to  account  for  otherwise  ;  as,  why  thest 
lightH  are  rarely  seen  any  where  else  but  in  the  north,  and  never, 
that  we  hear  of,  near  the  equator :  as  also  why  they  are  more  fre. 
quently  seen  in  Iceland  and  Greenland,  than  in  Norway,  though 
nearer  the  pole  of  the  world.  For  the  magnetical  poles,  in  this 
age,  are  to  the  westward  of  our  meridian,  and  more  so  of  that  of 
Norway,  and  not  far  from  Greenland  ;  as  appears  by  the  variatkm 
of  the  needle  this  year,  1716,  observed,  full  12  degrees  at  Ijondon 
to  the  west. 

The  erect  position  of  the  luminous  beams  or  strie  so  often  re* 
peated  that  night,  was  occasioned  by  the  rising  of  the  vapour  or 
lucid  matter  nearly  perpendicular  to  the  earth's  surface.  For  any 
line  erected  perpendicularly  on  the  surface  of  the  globe,  will  ap- 
pear erect  to  the  horizon  of  an  eye  placed  any  ^vhere  in  the  same 
spherical  superficies ;  as  Euclid  demonstrates  in  a  plane,  that  any 
line  erected  at  right  angles  to  it,  will  appear  to  be  p  rpendicular 
to  that  plane  from  any  point  of  it.  That  it  should  be  so  in  the 
sphere  is  a  very  pretty  proposition,  not  very  obviouSi,  but  demon 
strated  from  Prop.  5,  Lib.  i,  Theodosii  Sphxric.  For  by  it  all 
lines  erected  on  (he  surface  pass  through  the  centre,  where  meet* 
ing  with  those  from  the  eye,  they  form  the  planes  of  vertical 
circles  to  it.  And  by  the  converse  hereof,  it  is  evident  that  this 
luminous  matter  arose  nearly  perpendicular  to  the  earth's  surface, 
becaose  it  appeared  in  this  erect  position.  And  whereas  in  tliis 
appearance  (and  perhaps  in  all  others  of  the  kind)  those  beams 
which  arose  near  the  east  and  west,  were  farthest  from  the  per« 
pendicular  on  both  sides,  inclining  towards  the  south,  while 
those  in  the  north  were  directly  upright:  the  cause  of  which 
may  well  be  eaplaioad  by  the  obliquity  of  tue  magnetical  curves, 
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fluJiiiig  Still  obtuter  angles  with  the  meridiaiit  of  the  ttrella)  at 
^ey  are  farther  from  its  pole^. 

Hence  also  it  is  manifusi  ho«F  that  wonderfol  coronai  that  wat 
teen  to  the  southward  of  the  Tertt'x^  in  the  be^ianinf^  of  the  nighty 
and  so  yerj  remarkable  for  its  tremulous  and  vibrating  light,  wat 
produced ;  tIc.  by  the  concourse  of  many  of  those  beams  rising 
very  high  out  of  the  circumjacent  regions,  and  meeting  near  the 
zenith :  their  effluvia  mixing  and  interfering  with  one  another,  and 
•a  occasionhig  a  much  stronger  but  uncer  ain  wavering  Mgfat.  And 
fince  it  b  agreed  by  ail  our  accounts  that  this  corona  was  tinged 
with  various  colours,  it  is  more  than  probable  that  these  vapours 
were  carried  op  to  such  a  height,  as  to  emerge  out  of  the  shadow 
of  the  earth,  and  to  be  illuminated  by  the  direct  beams  of  the 
•on :  whence  it  might  come  to  pass  that  this  £rst  corona  was  seen 
eelonred,  and  much  brighter,  than  what  appeared  afterwards  m 
ioae  places,  where  the  sight  of  it  was  more  than  once  repeated^ 
after  the  sun  was  gone  down  much  lower  under  the  horizon. 
Hence  also  it  will  be  easily  understood,  that  this  corona  was  not 
one  and  the  same  in  ail  places,  but  was  different  in  every  difi'ering 
boriaon  ;  exactly  after  the  same  manner  as  the  rainbow,  seen  in 
the  same  cloud,  is  not  the  same  bow,  but  different  to  every  seve» 
ral  eye. 

Nor  is  it  to  be  doubted^  but  the  pyramidical  figure  of  these 
ascending  beams  is  optical  :  since  probably  they  are  parallel, 
sided,  or  rather  tapering  the  other  way.  But  by  the  rules  of 
perspective,  their  sides  ought  to  converge  to  a  point,  as  we  see  in 
pictures  the  parallel  borders  of  straight  walks,  and  all  other  lines 
parallel  to  the  axis  of  vision,  meet  as  in  a  centre.  Therefore 
those  rays  which  rose  highest  abore  the  ^^arth,  and  were  nearest 
the  eye,  seemed  to  terminate  in  cusps  sufficiently  acute,  and  have 
been  for  that  reason  supposed  by  the  vulgar  to  represent  spears. 
Others  seen  from  afar,  and  perhaps  not  rii»tng  so  high  as  the 
former,  would  termiiat^  as  if  cut  off  with  plains  parallel  to  the 
horizon,  lik«  truncated  cones  or  cylinders :  these  have  been  taken 
to  look  like  the  battlements  and  towers  on  the  walls  of  cities  feiw 
tified  after  the  ancient  manner.  While  others  yet  further  off,  bjr 
reason  of  their  great  distance,  good  part  of  them  being  inter, 
cepted  by  the  interposition  of  the  convexity  of  the  earth,  would 
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only  shew  their  pointed  tops,  and  becaase  of  their  shortness  ht?e 
been  called  sword;;. 

Next,  the  Diotion  of  these  beams  furnishes  us  with  a  new,  and 
most  erident  argument,  to  prove  the  diurnal  rotation  of  the  earth: 
though  that  be  a  nratter  which,  at  present,  is  generally  taken  by 
the  learned  to  be  past  dispute.  For  those  beams  which  rose  up 
to  a  point,  and  did  not  presently  disappear,  but  continued  for 
some  time,  had  most  of  them  a  sensible  motion  from  east  to  west, 
contrary  to  that  of  the  heavens ;  the  largest  and  tallest  of  them, 
as  being  nearest,  swiftest;  and  the  more  remote  and  shortefy 
slower.  By  which  means,  the  one  overtaking  the  other,  they 
would  sometimes  seem  to  meet  and  jostle ;  and  at  other  times  to 
separate,  and  fly  one  auother.  But  this  motion  was  only  optica!| 
and  occasioned  by  the  eye  of  the  spectator  being  carried  away 
with  the  earth  into  the  east ;  while  the  exceedingly  rare  vapour 
which  those  beams  consisted  of,  being  raised  far  above  tlie  atmot* 
phere,  was  either  wholly  left  behind,  or  else  followed  with  but 
part  of  its  velocity,  and  therefore  could  not  but  seem  to  recede 
and  move  the  contrary  way.  And  after  the  same  manner  as  the 
stars  that  go  near  the  zenith,  pass  over  those  vertical  circles  which 
border  on  the  meridian,  much  swifter  ^han  those  stars  which  are 
more  distant  from  it ,  so  these  luminous  rays  would  seem  to  recede 
faster  from  east  to  west,  as  their  bases  were  nearer  the  eye  of  the 
spectator  ;  and  t*  contra^  slower  as  they  were  further  otF. 

Nor  are  we  to  think  it  strange,  if  after  so  great  a  quantity  of 
luminous  vapour  had  been  carried  up  into  the  ether,  out  of  the 
pores  ol  the  earth,  the  cause  of  its  etlervescence  at  length  abating, 
or  perhaps  the  matter  consumed,  these  effluvia  should  at  length 
subside,  and  form  those  two  bright  luminations  which  we  have  de. 
scribed ;  and,  whose  ed^es  being  turned  to  us,  were  capable  to 
emit  so  mucti  light  that  we  might  read  by  them.  I  choose  to  call 
them  luminations,  because,  though  they  were  but  thin,  doubtless 
they  spread  horizontally  over  a  large  tract  of  the  earth's  surface. 
And  while  this  luminous  matter  dropped  down  from  the  upper 
plate  to  the  under,  the  many  white  columns  were  formed  between 
them  by  its  descent,  only  visible  for  the  moment  of  their  falU 
These  by  the  swiftness  with  which  they  vanished,  and  their  great 
number^  shewing  themseives  and  disappearing  without  auy  order^ 
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eifaibited  a  very  odd  appearance ;  those  on  the  right  fleeming  some- 
times to  drife  and  push  those  on  the  left,  and  vice  versa. 

These  are  the  principal  phaenomena ;  of  whose  causes  I  should 
have  more  willingly  and  with  more  certainty  given  my  thouchts^ 
if  I  had  had  the  good  luck  to  have  seen  the  whole  from  beginning 
to  end;  and  to  have  added  my  own  remarks  to  the  relations  of 
others:  and  especially  if  we  could  by  any  means  have  come  at 
their  distances.  If  it  shall  by  any  be  thought  a  bold  supposition, 
that  I  assume  the  effluvia  of  the  magnetical  matter  for  this  pur« 
pose,  which  in  certain  cases  may  themselves  become  luminous,  or 
rather  may  sometimes  carry  with  them  out  of  the  bowels  of  the 
earth  a  sort  of  atoms  proper  to  produce  light  in  the  ether :  I  an. 
8wer,  that  we  are  not  as  yet  informed  of  any  other  kinds  of 
effluvia  of  terrestrial  matter  which  may  serve  for  our  purpose,  than 
those  we  have  here  considered,  viz.  the  magnetical  atoms,  and 
those  of  water  highly  rarefied  into  vapour.  Nor  do  we  find  anj 
thing  like  it  in  what  we  see  of  the  celestial  bodies,  unless  it  be 
the  effluvia  projected  out  of  the  bodies  of  comets  to  a  vast  height, 
and  which  seem  by  a  vis  centrifuga  to  fly  with  an  incredible  swift- 
ness, the  centres  both  of  the  sun  and  comet,  and  to  go  off  into 
tails  of  a  scarcely  conceivable  length.  What  may  be  the  consti. 
tution  of  these  cometical  vapours,  we  the  inhabitants  of  the  earth 
can  know  but  little,  and  only  that  they  are  evidently  excited  by 
the  heat  of  the  sun ;  whereas  this  meteor,  if  1  may  so  call  it,  is 
seldom  feeu  except  in  the  polar  regions  of  the  world,  and  that 
most  commonly  in  the  winter  months.  But  whatever  may  be  the 
cause  of  it,  if  this  be  not,  I  have  followed  the  old  axiom  of  the 
schools,  Entia  non  esse  temere  neque  absque  necessitate  tnulti* 
plicanda. 

Lastly,  I  beg  leave  on  this  occasion  to  mention  what,  near  25 
years  since,  I  published  in  No.  195  of  these  Transactions,  viz« 
That  supposing  the  earth  to  be  concave,  with  a  less  globe  included, 
in  order  to  make  that  inner  globe  capable  of  being  inhabited,  there 
might  not  improbably  be  contained  some  luminous  medium  be- 
tween the  balls ,  so  as  to  make  a  perpetual  day  below.  That  very 
great  tracts  of  the  etherial  space  are  occupied  by  such  a  shining 
medium,  is  evident  from  the  instances  given  in  the  first  paper  of 
this  Transaction ;  and  if  such  a  medium. should  be  thus  inclosed 
within  us  ;  why  may  we  not  be  allowed  to  suppose  that  some  parts 
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of  ttb  tadd  mbflftiic*  maj^  oa  ?trf  ram  and  •straofdlairjr 
•knit,  tmotttde  ^roogli  tad  peneCrato  tke  cortex  of  ovr  ctrtty 
tnd  being  got  loose  wmj  afibrd  the  matter  of  which  tiiif  oar  Me. 
teor  coeeistt.  This  seems  feroored  by  one  considertble  drcoa- 
staace^  Tis.  tiiat  tiie  earth,  becaose  of  its  diarnal  rotation,  beisf 
necessarilf  of  tiie  figure  of  a  flat  spbenrid,  tlw  tbiclLnass  of  Ae 
cortex,  in  the  polar  parts  of  the  globe,  is  considerably  less  ttaa 
towards  the  eqoator ;  and  therefore  more  likely  to  give  passage  to 
these  raponrs ;  whence  a  reason  may  be  ghea  why  these  lights  m 
alwe)s  seen  in  the  north.  Bnt  I  desire  to  lay  no  more  stress  ca 
tids  conceit  than  it  will  bear* 

It  hafing  been  noted  that  in  the  years  1575  and  1580,  whsa 
flds  appearance  was  freqaent,  that  it  was  seen  not  Csr  from  the  liass 
of  the  two  equinoxes ;  it  may  be  worth  while  for  the  cnrions  to  bestow 
some  attention  on  the  heavens  in  the  months  of  September  and 
October  next ;  and  in  case  it  should  again  happen,  to  endeavour 
to  observe,  by  the  metliod  I  have  here  laid  down,  what  may  da* 
termine,  with  some  degree  of  exactness,  ite  distenco  and  he^t| 
without  which  we  can  scarcely  come  to  any  just  conclusion. 

[PMf.  Trans.  17X6. 

SECTION    III. 

Observaiions  on  the  Lumen  Boreaie^  or  StfMming^  Oci.  8, 

1726. 

By  the  Re?.  W.  Derliain»  F.R.S. 

There  are  two  sorts  of  streamings,  which  have  been  noticed ; 
one,  by  way  of  explosion  from  the  horizon ;  the  other,  by  open* 
log  and  shutting,  without  shootings  up,  and  swift  dartings.  Of  the 
latter  sort  chiefly  was  that  of  October  8,  1796,  in  which,  althou|^ 
the  streams  or  spires,  or  lances,  or  cones,  or  whatever  else  they 
may  be  caUed,  were  as  large  and  remarkable  as  in  the  year 
1715.6 ;  yet  they  exhibited  themselves  principally  by  the  vaporous 
matter  opening  and  shutting,  as  if  a  curtain  had  been  drawn  and 
withdrawn  before  them.  It  began  about  eight  o'clock,  and  sooa 
streamed  all  round  in  the  south,  east  and  west,  as  much,  or  nearly 
as  much,  as  in  the  aorth ;  which  was  a  thing  not  observed  before 
in  these  phenomena* 
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Theie  streams,  or  cooes,  were  mostly  pointed,  ind  of  difierent 
length,  so  as  to  make  the  appearance  of  flamin  inspires  or  pyramids  ; 
some  again  wer<»  truncated,  and  reached  but  half  way :  some  had  their 
points  reaching  up  to  the  zenith,  or  near  it,  where  they  formed  a  sort 
of  canopy,  or  thin  cloud,  sometimes  red,  sometimes  brownish,  some« 
times  blazing  as  if  on  fire,  and  sometimes  emitting  streams  all 
round  it.  This  canopy  was  manifestly  formed  by  tlie  matter  car* 
ried  up  by  the  streaming  on  ail  parts  of  the  horizon*  This  someu 
times  seemed  to  ascend  with  a  force,  as  if  impelled  by  the  impetus 
of  some  explosive  agent  below,  like  that  of  March  1715-10.  This 
forcible  ascent  of  the  streaming  matter,  gare  a  motion  to  the  ca« 
nopj,  sometimes  a  gyration,  like  that  of  a  whirlwind  ;  which  was 
manifestly  caused  by  the  streams  striking  the  outer  parts  of  the 
canopy.  But  if  it  struck  the  canopy  in  the  middle,  all  was  then  in 
confusion. 

These  two  particulars,  namely,  the  streaming  all  round,  in  all 
points  of  the  horizon  ;  and  the  canopy  in  and  near  the  zenith,  are 
what  were  observed  in  all  parts  of  England.  But  in  the  more 
southerly  parts  of  Europe,  it  seems  to  have  been  somewhat  differ- 
ent, by  the  accounts  from  different  places. 

One  thing  observed  in  most  places  was,  that  in  some  part  of  the 
greatest  streaming,  the  vapours  between  the  spires,  or  lances,  were 
of  a  blood-red  colour ;  which  gave  those  parts  of  the  atmosphere 
the  appearance  of  blazing  lances,  and  bloody.coloured  pillars. 
There  was  also  a  strange  commotion  among  the  streams,  as  if  some 
large  cloud,  or  other  body,  was  moving  behind  them,  and  disturbed 
them.  In  the  northerly  and  southerly  parts  the  streams  were  per- 
pendicular to  the  horizon  ;  but  iu  the  intermediate  points  they 
seemed  to  decline  more  or  less  one  way  or  otlier ;  or  rather  to  in- 
cline towards  the  meridian. 

As  for  the  cause  of  these  phaenomena,  Mr.  Derham  takes  it  to 
be  from  the  same  matter,  or  vapours,  which  produce  earthquakes  : 
and  that  for  these  reasons  :  First,  because  some  of  these  phseno* 
mena  have  been  followed  by  earthquakes.  As  that  which  Stow 
gives  an  account  of  in  his  Annals,  in  the  year  1574,  on  Nov.l4 ; 
in  which  he  says,  ^^  were  seen  in  the  air  strange  impressions  of  fire 
and  smoke  to  proceed  forth  of  a  black  cloud  in  the  north  towards 
the  south.  That  the  next  night  following,  the  heavens  from  all 
parts  did  seem  to  bnrn  marvellous  ragingly,  and  over  our  heads  the 
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iUveifrom  the  horisoD  roaud  about  rkiiigidid  «••€,. wi  Aire 
double  aod  roll  one  in  another,  ai  if  it  bad  been  ia  a  detf  1m. 
aace.*'  And  after  thb»  he  aayt  followed,  oo  the  26th  of  FebnMji 
great  earthquakes  in  the  citiei  of  York,  Worcester,  Gloiioaite% 
Bristol,  Hereford,  and  in  the  coontries  about,  which  oansed  thi' 
people  to  run  out  of  their  houses,  for  fear  they  should  Iwfe  fidki: 
on  their  heads.  In  Tewksbury,  Breedon,  dec*  the  dishes  fell  fue* 
the  cupboards,  and  the  books  in  men^s  studies  from  the  shelvn,  fte. 

So  this  last,  in  October,  was  preceded  by  that  fatal  earthquake 
at  Palermo  in  Sicily^  and  succeeded  by  one  in  England,  on  Tmttm 
day,  October  25,  following.  This  it  seenis  was  perceived  la 
London,  and  was  very  considerable  at  Dorchester,  Weyaoutk, 
Portland,  Portsmouth,  Purbeck,  and  several  other  plaees  ia 
Dorsetshire,  that  it  caused  the  doors  to  fly  open,  shook  down 
pewter  off  the  shelves^  and  was  felt  in  some  ships  that  lay  in  the 
harbours. 

Another  reason  is,  that  some  gentlemen  viewing  this  appearaMe, 
on  the  tops  of  their  houses  at  Little  Chelsea,  plainly  perceived  a 
sulphurous  smell  in  the  air.  Another  thing  which  concars  wMl 
what  has  been  said,  is,  that  several  persons  heard  a  hissing,  kfed 
in  some  places  a  crackling  noise,  in  the  time  of  the  streaming,  like 
what  is  reported  to  be  often  heard  in  earthquakes. 

[/</.  1727. 

SECTION  IV. 

Collection  of  the  Observalions  of  the  remarkable  Red  Lightf 
shezon  in  the  Air^  Dee*  5,  or  16,  N.S.  sent  from  different  places 
to  the  Royal  Society. 

As  observed  at  Naples  by  the  Prince  of  Cassano.  F.R.S. 

Dec.  16,  1737,  N.S.  in  the  evening,  the  sun  being  about  25  de« 
grees  below  the  horizon,  a  light  was  observed  in  the  north,  as  if  the 
air  was  on  fire,  and  flashing ;  the  inlenseness  of  which  gradually 
increasing,  at  the  3d  hour  of  (he  night  it  spread  much  westward* 
Its  greatest  height  was  about  65^;  for  it  occupied  the  whole  extent 
of  both  the  Bears  and  the  polar  star;  yet  at  the  sides  it  was  not  to 
high  ;  for  in  some  places  near  the  north  it  rose  only  to  50^,  and  It 
gradually  diminished,  so  as  to  become  insensible  at  the  true 
horizon. 
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Thm  nlmwHMntiom&d  light  it  its  •ztremitiet  was  Btitqoallj  jtg. 
gsd,  aad  mttered,  and  followed  the  course  of  the  westerly  wind  ; 
ao  that  for  a  few  hours  it  spread  considerably  wider,  yet  withoat 
ever  reachiag  the  zenith.  About  the  6th  hour  of  the  night  the  in. 
teosFiiets  of  the  colour  disappeared  ;  some  small  traces  of  the  in* 
flaoMiation  still  remaining  towards  the  north-east  and  the  west^ 
which  were  all  Tanished  at  T^h,  of  the  night. 

The  inflamed  matter,  in  the  greatest  part  of  its  extent,  gave  a 
free  pa«sage  to  the  rays  of  the  stars,  even  of  the  3d  and  4th  roagni* 
tode^  situate  behind  it.  About  the  4th  hour  of  the  night,  a  Terjr 
regnlar  arch,  of  a  parabolic  figure,  was  seen  to  rise  gently,  to  %^ 
of  rectangular  elevation,  and  to  20^  of  horizontal  amplitude.  Thia 
phenomenon  was  Sf^en  all  over  Italy,  as  appears  by  several  ac» 
counts  of  it,  though  with  some  disagreement  between  them. 

The  m#>t  probable  opinion  as  to  the  cause  of  this  phenomenon^ 
ascribes  it  to  the  simple  firing  of  a  bituminous  and  sulphurous  mat^ 
ler,  ou  account  of  its  very  little  specific  gravity,  raised  to  the  upper 
parts  of  the  atmosphere,  and  there,  by  the  clashing  of  contrary 
winds,  broken,  comminuted,  and  at  last  set  on  fire.  'J'his  opinion 
iias  been  defended  with  strong  arguments  in  the  Petersburg  Com« 
mentaries,  by  Mayer,  on  occasion  of  the  appearance  of  a  similar 
pbenQmeoon  in  those  northern  countries.  And  indeed  the  pre* 
ceding  eruption  of  Vesu? ius,  the  contrariety  of  the  moving  forces, 
the  readiness  of  the  matter  to  take  fire,  the  unequal  intenseness  of 
the  light,  the  streaks,  and  all  the  other  circumstances  observed  in 
this  meteor,  are  plain  arguments  of  a  genuine  and  real  ascension. 
And  Wolfios,  on  the  appearance  of  a  phenomenon  much  like  this, 
which  was  seen  all  over  Germany,  on  the  J  7th  of  March,  1717,  is 
of  opinion,  that  it  should  be  called  imperfect  lightning,  as  being 
produced  by  the  inflammable  matter  of  lightning* 

Observed  at  Padua,  by  the  Marquis  Potent^  F.R.S. 

m 

At  the  time  of  this  meteor,  the  air  was  calm,  and  the  barometer 
was  remarkably  high. 

At  5  jh.  there  appeared  near  the  horizon  a  blackish  zone,  with 
its  upper  limb  of  a  sky.colour,  somewhat  obscure.  Above,  this 
zone  was  another  very  luminous,  resembling  the  dawn  pretty  far 
advanced.  The  highest  zone  was  of  a  red  fiery  colour.  The  altl* 
todes  of  the  zones  seemed  to  bear  such  proportion,  that  the  second 
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lOie  tonewlMit  above  ftlM  4Mk  degree  of  akkade.    Fertwiil  Atf 
.eiteiided  t^  the  bMh  degree  <mi  the  lM»risoBy  end  vestMNKl  ie  tie 
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It  Is  remaricaUe,  tkst  after  san^set  on  ilie  pteoediag  da^  ae 
weli  as  this,  tkere  appeared  in  the  west «  roaarkaUe  vedneatea. 
panded  oit  each  sidej  aad  oo  (he  ^nauing  ercaiog,  the  aaaaa  brigM 
«ed  colowr,  appeariog  -Dear  the  beriioa,  deceived  the  oaaiaiOM  peo» 
^  into  a  belief,  that  a  near  pheaonienon,  Klw  the  fongmng^  wa» 
tareakiDg  oat  of  the  horiaoii.  Near  our  aenith  there  appeand 
}»me  thin  lacid  clouds,  pardy  of  a  whitish  red,  in  jodi  a 
4iMit  they  eeeaned  as  if  occaskmed  by  the  barniag  of 
^distaaeeio  the  north.  Others  of  this  sort  iiad  happeaed  lieibve^ 
and  some  w«re  seen  afterwards. 

A  li<tle  after  0,  the  vpper  parts  ^gaa  %o  emit  red  stiiaiaiaga,  or 
-fays,  hi  plenty ;  bot  in  these  the  red  wasoow  and  then  interayiei 
wiih  w4ritish  and  darkish  coloors.  In  a  few  seconde  afleri  4he9e 
Issoed  out  from  the  very  equinoctial  west,  a  red  and  weij  bright 
«el««n,  which  ascended  to  Ihe  Mfd  part  of  the  heaveMi  aad  a 
little  after,  it  became  curved  in  Hie  shape  of  the  rainbow* 

At  hsAf  after  6,  almost  in  an  hastant  of  time,  the  bright  «oae^ 
from  the  Mid^ree  west  to  ihe  60th  east,  became  more  rivid,  and 
rose  higiier ;  and  above  this  appeared  a  new  large  one,  of  a  ted 
liery  colour,  with  several  successive  streamings  tending  upward, 
and  passing  ^  degrees  of  altitude ;  the  western  part  iuid  amamcd 
die  ferm  of  a  thin  cloud.  At  twelve,  (3ie  light  of  tlie  anroim  was 
nearly  extinct,  there  appearing  only  a  very  weak  light  adong  6ie 
tops  of  the  mountains.  Twenty  minutes  after,  there  appeared  a 
white  brightish  beam,  at  30^  west,  and  ^0^  high  ;  but  it  soon  beenae 
invisible.  Id  half  an  hour  after,  a  very  weak  light  remained  in  the 
west,  near  ^e  horiaon ;  which  had  not  been  obsenable^  if  the 
brightness  of  the  preceding  phenomenon  had  not  invited  to  contintte 
the  observation. 

d.  Obterved  at  the  Observatorj/  of  ihe  Institute  gf  Baaomku 
By  Dr.  Eostachio  Zanotti,  Deputy  Profesaor  of  AstroiioDiy. 

The  aurora  borealis,  which  was  formerly  a  rare  phenomeaaa, 
and  almost  unknown  in  this  climate,  is  now  become  very  frequent; 
In  Sononia  a  great  number  have  been  observed  for  some  jreais  fMit* 


'lllb  tiflM  it  wfts  fo  feiy  remarlBiUe,tiHit  no  one  jmaemhen  «#  hftt* 
•rer  seen  the  like.  As  to  its  extent,  it  spread  so  m  io  occopgr 
lOMKit  140^  of  the  teafens ;  and,  as  to  its  ligiit,  it  was  so  Tivid,  as 
lb/  it  to  distin^niah  homes  at  a  great  distance ;  which  seeaaed  of  a 
ired  colotir,  wfaidi  made  some  people  attribute  this  l^ht  to  a!6re  in 
the  seighbonrhood. 

It  eantiAiiedaA  times  Yariovsly  Increasing  and  decreasing. 

About  8,  the  jaarora  formed  itself  into  a  concavo  arch  towards 
.file  Wrison.  The  polar  star  was  near  the  top  of  its  coBTeaity ,  and 
.iMHBatars  shone  bright  m  the  midst  of  the  light ;  and,  among  these, 
#  Aod  y  of  Ursa  major.  The  concafe  part  was  terminated  by  a 
Aaiis  spmewiiat  dark  ;  which  separated  the  red  tight  of  the  ar oh 
from  a  white  and  yery  bright  light  that  remained  within  it.  The 
arch,  which  was  15<>  broad,  was  of  a  deeper  colour  towards  the 
1u>rison  than  towards  the  pole.  The  western  limit,  which  was  in. 
terropted  by  clonds,  was  wider  and  more  irroguiar  than  the  east* 
era  limit.  Fig.;2,  .pL  10,  exhibits  tlie  phenomenon  conformable  to 
tke  description  now  giyen. 

A.hpnt  8h.  34^,  the  red  light  continued  spreading,  and  made,  as 
it  were^  a  basis  of  a  weaker  redness.  At  this  time  the  aurora  ap. 
peared  unsettled  and  curious,  as  in  ig,  2.  At  its  eastern  limit, 
.the  pyramid  continued  visible,  but  of  a  more  intense  colour  to- 
wards the  north,  and  from  its  middle  there  shot  up  vertically  a 
streak  of  light,  between  a  white  and  a  yellow  colour.  A  verjr 
dark  narrow  cloud  crossed  the  whole  phenomenon,  and  went  tp 
terminate  in  jthe  pyramid*  At  the  upper  part,  a  considerably 
tract  of  the  heavens  was  enlightened  with  a  very  vivid  red  light^ 
which  was  interrupted  by  several  streaks  or  columns  of  a  bright 
yellowish  light.  These  streamings  shot  up  vertically,  and  parallel 
to  eaeh  other,  and  the  narrow  cloud  seemed  to  serve  them  for  a 
basis.  Under  the  cloud  there  issued  forth  two  taib  of  a  whitish 
light,  hanging  downward  on  a  basis  of  a  weak  red,  and  it  seemed 
as  if  they  kindled  and  darted  the  light  downward.  There  was  lik^* 
wise  seen  a  white  streak,  which  passed  across  these  two  tails,  and 
extended  from  one  end  of  the  phenomenon  to  the  other,  in  a 
fwsition  almost  parallel  to  the  abovementioned  cloud. 

At  9,  4m.  (here  now  remained  but  a  little  reddish  light  at  the 
noflth  pole.  All  the  rest  was  collected  near  the  z<  nith,  not  ex* 
teadlag  b>wer  than  the  star  a  of  Ursa  major.    In  the  south,  where 

£2 


410  soapKismo  uohts  im  ^hb  am. 

the  sky  was  clear,  there  were  seen  some  of  thoee  meteorSy  caUed 
lilliog  stars. 

Several  persons  hare  positively  asserted,  that,  in  the  eTeniog  #f 
the  16th  day,  they  perceived  a  certahi  stench  in  the  air,  like  that 
which  is  sometimes  occasioned  by  a  fog.  The  same  has  been  taken 
notice  of  at  other  times,  when  such  phenomena  have  appeaitd.  • 

There  was  a  very  thin  fog  in  the  air  not  only  on  the  ]  6th  day^ 
but  also  on  the  preceding  and  ensuing  days.  The  mornings  of 
the  17th  and  18th,  before  and  a  little  after  snn-rise,  the  air  ap* 
pea  red  of  an  uncommon  fiery  colour.  The  evening  of  the  ITtli, 
the  crepusculum  was  of  an  extraordinary  height.  Between  the 
north  and  west,  there  was  seen  a  very  thin  red  vapour,  which 
lasted  almost  till  night. 

4.  Observed  at  Rome^  by  S,  de  RevillaSy  Math.  Prof,  Sf  F.H.S. 
These  observations  are  similar  to  the  foregoing. 

6.  B^  Mr.  James  Shorty  at  Edinburgh. 

We  were  surprised,  on  looking  out  of  the  windows,  about  ^x 
o^clock,  to  find  the  sky  as  it  were,  all  in  a  flame;  but  on  fnrfher 
inquiry,  it  was  nothing  but  the  aurora  borealis,  composed  of  red 
light.  There  was  an  arch  of  this  red  light  reached  from  the  west, 
over  the  zenith,  to  the  east;  the  northern  border  of  this  light 
was  tinged  with  somewhat  of  a  blue  colour.  This  auroi^  did  not 
first  form  in  the  north,  and  after  forming  an  arch  there,  rise  to* 
wards  the  zenith,  as  they  commonly  use  to  do;  neither  did  the 
light  shiver,  and  hy  sudden  jirks  spread  itself  over  the  hemisphere, 
as  is  common  -,  but  gradually  and  gently  stole  along  the  face  of 
the  sky,  till  it  had  covered  the  whole  hemisphere ;  which  alarmed 
the  vulgar,  and  was  indeed  a  strange  sight.  A  great  circle  of  this 
light  came  from  the  west  to  the  zenith,  which  seemed  to  be  the 
magazine  whence  all  the  rest  were  supplied.  It  is  but  about  a 
year  since  Mr.  S.  first  observed  this  red  light  in  the  aurora  bo- 
realis^ and  only  then  in  very  small  quantities. 

6.  M  Rosehill^  Sussex^  by  John  Fuller j  Esq.jun.  F.RSm 

It  was  a  strong  and  very  steady  light,  nearly  of  the  colour  of 
red  ochre.  It  did  not  seem  to  dart  or  flash  at  all,  but  continued 
going  on  in  a  steady  course  against  the  wind,  which  blew  fresh 
from  the  south-west.     It  began  about  north  north.west,  in  form 
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fit  a  piUtr  of  light,  «t  about  6h.  15m.  In  the  eTeiiiiig;in  aboat  ten 
minutes,  a  fourth  part  of  it  divided  f^on  the  nest,  aad  nerer 
jdined  again ;  iin  ten  minutes  more  It  described  an  arch^  but  did 
not  join  at  top ;  exactly  at  se^en,  it  farmed  a  bow,  and  soon  after 
qllite  disappeared.  It  was  all  the  whHe  lightest  and  reddest  at 
the  horizon.    It  gare  as  much  light  as  a  fuH  moon. 

^  At  S,  It  began  exactly  north ;  it  was  Tery  light  then,  but  not 
near  so  light  as  before ;  in  half  an  hour  it  made  an  arch  from  east 
to  west,  and  went  quite  away  to  the  south,  when  it  ended  much 
with  the  same  appearance  as  it  began  in  the  n«rtli,  but  not  quite 
ao  red. 


SECTION   V, 

Account  of  Luminous  Archea, 
By  Mr,  William  Hey,  of  Leeds,  F.  R.  S. 

While  Mr.  Hey  was  at  Buxton  Jn  Marcb«1774,  about  liaif.past 
eighty  be  saw  a  luminous  arch«  which  appeared  very  beautiful  iu 
the  atmosphere.  Its  colour  was  white,  incliuiug  to  the  yellow ; 
its  breadth  in  the  crown  apparentl^^  equal  to  that  of  the  rainbow. 
As  it  approached  the  horizon^  each  leg  of  the  arch  became  gradu- 
ally broader.  It  was  stationary  while  he  viewed  it,  and  free  from  any 
sensible  corruscatious.  Its  direction  seemed  to  be  from  about  (he  N.E. 
to  the  S.W.  at  least  its  eastern  leg  was  inclined  to  the  north,  and 
its  western  to  the  south.  Its  crown,  or  most  elevated  part,  was  not 
far  from  the  zenith.  The  evening  was  clear^  and  the  stars  appear- 
ed bright.  It  continued  about  half  an  hour  after  it  was  first  ob- 
served by  the  company. 

In  October,  1 775;  be  saw  a  similar  arch  at  Leeds,  of  the  same 
colour,  breadth,  and  position.  It  began  to  disappear  in  five  or  six 
minutes  after  he  had  di*icovered  it,  without  changing  lis  situation. 
The  manner  in  which  it  vanished  was  quite  irregular ;  large  patches 
in  different  parts,  and  of  different  dimensions,  ceasing  to  be  lumi« 
nous,  till  the  whole  had  disappeared.  The  evening  was  rather 
cloudy. 

In  the  evening  of  March  21,  1783,  between  eight  and  oine 
o*clock,  Mr.  H.  observed  something  like  a  l>raght  cloud  in  the  east- 
ern part  of  the  hemisphere,  and  also  a  similar  appearance  in  the 
opposite  part  of  the  heavens*   These  luminous  parts,  which  appear. 
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bj  Ml  arth  of  » fkmlbr  l%bt  -m 

It  reMli«4  Ibo  hiffimi  in  the  W,8»W.  poiirt.    to  ite  oowtftH^ 
pustd  about  19^  t»  the  loolb  of  ttio  anuUi.  ito  taodtli  wat-riioiir 
9:or  Uf»    10  lomaiiiod  fisiMt  aboat  teo  or  Itoelfo  wfamtea  aft«' 
he  first  discovered  il».  aifd  tkut  faaithod  graduaUj^  aad  iiiofalailyii 
He  ohaervo^  no  «inmtcai«oa8b  aoa  003^  Baotkm  m  Ihu  aicln    A  lav 
ttttniCta  aftar  aaotkei^  aiuk  slttl  mote  baaiidfak,  awh  aMdo  ito 
pcaraBce.    It  aiosa a  poiait or  twotoaaier  the  Nb  B^  than tbeft 
had  done*    ttasoothavi  adiga  ponad  ap^  a  liMlo  t»  the  nortbof  te* 
tail  of  the  Great  Bear,  which  was  then  in  a  vertical  positioB.    te 
northern  edge  appeared  at  first  a  little  to  the  south  of  the  polar 
star;  but,  during  the  conthioance  of  the  phenomenon,  it  gfadua% 
receded  about  10^  to  the  south.    The  arch  descended  about  tfaa 
W.  N.W.;  but  neither  tfaa  aaslaiHi  maff  western  eutremitica  reached 
the  horiion ;  each  of  them  ending  in  a  point  giraduallj  fomicd  a 
little  abore  the  horiion.    This  arch  might  be  about  10  or  19^  aft 
itk  vertex.    It  conthined  visible  Ant  half  an  hour;  and'  thtfugl  ha 
could  not  discover  any  comiscationsp  or  quick  motion,  hi  may  |MM^ 
j^t  the  diflerent  portions  of  it  were  perpetually  Varvii^  in  ttta 
sity  of  their  ligttfy  and  the  whole  arch,  or  at  feast  its  vertei, 
a  slow  and  equitable  motion  towards  (he  south.     Where  tile  l%iC 
was  the  most  dense,  the  smaller  stars  were  rendered   invisiblh 
by  the  arch,  but  stars  of  the  second  magnitude  were  not  tot^Bf 
eclipsed  by  it.    This  arch  dbappeared,  as  the  former,  by  patcllea;' 
the  light  gradually  becoming  less  intense.     The  colour  of  ftott 
these  arches  was  white.    Before  fh^  latter  arch  bad  entirely  dii* 
appeared',  a  small  one,  not  quite  so  broad  as  the  rainbow,  aroea 
from  its  eastern  leg,  and  ascending  in  a  curvilineal  directioa  to  tlM 
poTar  star,  terminated  there,     tts  light  was  more  fiiinC  than  that 
of  the  other  two  arches;  and  it  continued  visible  about  %  qaaiver 
of  an  hour.     The  evening  was  very  fine  when  he  saw  these  5eaati» 
fill  phaenomena ;  the  stars  were  brighf,  and  (here  watf  not  a  dbiidP 
to  be  seen  except  in  the  horison.    There  was'  a  steady  light  10  Iho' 
north,  without  the  least  corruscatioBj  extending  flrom  the  111  &tb 
N.W .     The  wind  blew  from  the  N.  £. 

March  26,  about  the  same  time  m  the  evenings  Bftr.H.  was  en- 
tertained with  a  sunilar  appearance.    He  first  observed  two  or 


iN»  cohmim  of  auroni  boi«aliB  shooting  afmardf  !■  Ike  aortii ; 
d  ■»  a  ihoit  time  after  m  complete  arcb,  liko  thoM  already  do* 
iibed>  thongfa  somewhat  different  in  its  fMskion*  It  arosa 
tiracn  the  £•  and  N.  and  N.  fi.  points,  passed  obliquely  to  tim 
otb  below  Areturaa,  and  descended  in  the  west  through  Orion^ 
viog  almost  the  same  direction  through  that  conatellatkm  whiek 
stquator  has.  its  light  was  tlie  most  faint  about  the  TorltK  oC 
a  areb.  its  most  dense  parts  were  continually  nwyhig  m  tbo- 
ianshy  of  their  light.  The  burger  staim  were  nnble  through  its* 
■Boat  parti.  It  varied  its  position^  and  it  continued  visible  about 
Mm  hour;  but  there  was  nothing  which  could  bo  called  a  shoot* 
l^mr  qukh  corrascatiou*  There  w«  a  steady  northern  ligbl  ttW 
e  uueuiBg*9  or  at  least  till  the  areb  had  dimppeared. 
Ihe  gusadeet  specimen  of  this  phenomenow  which  Mr.  0,  had 
m^  uppeamd  on  tho  19th  of  Apriiy  be^peen  nine  and*  ten  m  lh# 
eniug*  He  perceived  a  broad  ardi  of  a  bright  pale  yellowy  aris* 
f  betMMen  Arcturus  aad  Lym»  about  the  right  ksf  o#  Hereuleiip 
d  pMsfaig  eonsidembly  to  the  south  o#  tho  aenith^  it9  aoilharti 
adM  bemg  a  Nttle  south  o#PolkM»  and  descending  to  the  borisow 
svOffion,  which  waa  then  setting.  This  arcir  seemecV  to  be  aboul 
Pia  bH«M»  and  was  of  such  a-  varied  deusityy  that  it>  appiitd 
diusiit  of  smallf  colunms  of  Kghtv  which  had  n  sensiMb  nuMiMh 
fter  above  ten  minutes  he  saw  innumerable  bright  oonvscaffoasy 
o&tkig  out  at  right  angles  from  inr  northern  edge,  which  was  con. 
vi^  and  elongating  themselves  more  and  more  till  they  had  nearly 
ached  the  northern  horixon.  As  they  descended,  their  extremi. 
•  were  tipped  with  an  elegant  crimson,  such  as  is  produced  by 
e  electric  spark  in  an  exhausted  tube.  After  some  time  this  au- 
m  borealis  ceased  from  shooting,  and  formed  a  range  of  beauti. 
I  yellow  clouds,  extending  horizontally  about  a  quarter  of  a 
do.  The  greatest  part  of  the  aurora  borealis  which  darted  firom 
is  arch  towards  the  norths  as  well  as  the  cloud*like  and  more  sta- 
•Muy  aurora,  were  so  dense  that  they  hid  the  stars  from  view« 
le  moon  was  eleven  days  old,  and  shone  bright  during  this  scenes 
It  did  not  eclipse  the  brightness  of  these  cormscations*  The  wind 
u  at  north,  or  a  little  inclined  to  the  east* 
The  last  phenomenon  of  this  kind  which  Mr.  H.  sawf  was  on  the 
ith  of  April.    About  a  quarter  before  ten  m  the  evening,  he 

2a4 
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observed  io  the  W.  a  lominous  appearance,  of  the  colour  of  the 

most  common  aurora  borealb.     From  this  mass  or  broad  coiumo 

of  light  issued  three  luminous  arches,  each  of  which  nntade  a  dd* 

ferent  angle  with  the  horizon*     Thi^t  nearest  to  the  south  seemed 

to  arise  at  right  angles  with  the  horizon:  i»hile  that  nearest  to  the 

north  made  the  smallest  angle>   and  passed  towarcU  the  N.E. 

through  the  constellation  Auriga,  having  Capella  close  to  its  upper 

edge.     He  had  not  viewed  th«m  many  minutes  when  they  were 

rendered  invisible  by  a  general  blaze  of  aurora  borealis,  which 

possessed  the  space  just  before  occupied  by  these  arches.     He  was 

soon  satisfied  that  where  the  aurora  boreaiis  was  deu&e«  it  entisely 

hid  from  view  the  stars  of  the  second  magnitude.     He  observed 

thb  particularly  with  respect  to  the  star  /3  in  the  left  shoulder  of 

Auriga*    But  the  corruscations  were  never  so  dense  as  to  reoder 

Capella  mvisible.    The  wind  was  between  the  N.  and  N*  £•  this 

evening. 

.  After  comparing  the  phsenomeiia  above  described  with  each 

other,  and  with  those  observed  by  Mr.  Cavallo,  in  Lnndoo ;  hj 

Mr.  Swintoo,  at  Oxford ;  by  Dr.  Huzham,  at  Plymouth ;  aad  i^ 

Mr.  Sparshal,   at  Wells,  in  Norfolk}    Mr.  U.  cannot  eutertaior  a 

doabt,  that  these  arches  had  all  the  same  origin ;  aad  thai  thej 

ought  to  be  considered  as  a  species  of  that  kind  of  meteor  caMed 

aurora  borealb* 

IPhil.   Trans.  Abu    VoL  xvi,  year  1790l 
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CHAP.  XLVI. 


BLAZING  BALLS  AND  BURNtlfG  STONES. 


SECTION  I. 
General  Remarks* 

JL  HBRB  is  a  very  extraordiuai^  class  of  atmospheric  bodies*  iisu« 
aUj  koowo  by  the  name  of  fiery  or  luminoiu  nieteori,  which  yet 
remaius  to  be  described^  and  which  has  never  hitherto  been  satis, 
lactorily  accounted  for.  They  are  of  all  sizes,  from  a  smail  shoot- 
ing star  of  the  fifth  magnitude,  to  a  cone  or  cylinder  of  two  or 
three  miles  in  diameter.  They  differ  in  consistency  as  much  as  in 
dimensions,  and  in  colour  as  much  as  in  either.  They  are  some- 
timts  a  subtle,  luminous,  and  pellucid  vapour ;  sometimes  a  com* 
pact  bait  or  globe,  as  though  the  material  of  which  they  are 
formed,  were  more  condensed  and  concentrated.  And  not  un« 
fiiaqtiCBtly  they  have  been  found  to  cousbt  of  both,  and  conse- 
quently to  assume  a  comet-like  appearance,  with  a  nudeus  or 
compact  substance  in  the  ceutre  or  towards  the  centre  and  a  long 
thin  pellucid  luminous  main,  or  tail,  sweeping  on  each  side.  They 
are  sometimes  of  a  pale  white  lifs^ht;  at  others  of  a  deep  igneous 
crimson;  and  occasionally  iridescent  and  vibratory.  The  rarer 
meteors  appear  frequently  to  vanish  all  of  a  sudden,  as  though 
abruptly  dissolved  or  exthii^uished  in  the  atmospheric  medium; 
their  flight  is  accompanied  with  a  hissing  sound,  and  their  disap. 
pearance  with  an  explosion.  And  the  nost  compact  of  them,  or 
the  nuclei  of  those  that  are  rarer  have  often  descended  to  the  sur. 
fiice  of  the  earth,  and  with  a  force  sufficient  to  bury  them  many 
feet  under  the  soil ;  generally  exhibiting  marks  of  imperfect  fusion 
and  considerable  heat.  The  substance,  in  these  cases,  is  for  the  most 
part  metalline ;  but  the  ore  of  which  they  consist  is  no  where  to 
be  met  with,  in  the  same  constituent  proportions^  in  the  bowels  of 
the  earth.  Under  this  form  the  projected  masses  are  denominated 
meteoric  stones  or  aerolites. 
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Yet,  however  these  extraoniioary  bodies  may  diftr  in  coloBTf 
shape,  dimensions,  or  coDsistency ;  thej  seem  to  agree  with  great 
exactness,  in  their  transient  appearance,  Telocity,  and  elevatkWy 
when  first  discovered.  It  is  addoflB'-  tbey  hawe  been  capable  itf 
being  traced  longer  than  from  a  single  moment  to  two  or  three  dm* 
Dutcts ;  their  lieight  has  been  pretty  iiucly  and  ooncanniiliy  calculated 
at  from  fifty  to  sixty  miles  above,  the  surface  of  the  earth ;  and  their 
velocity,  from  similar  calculations,  at  firom  twenty  to  thirty  miles  in 
a  second  |  consequently  in  the  lovrast  oomputatiou  exhibiting  a  n* 
pidity  more  than  ninety  times  that  of  sound,  and  nearly  approach- 
ing to  that  of  the  earth  in  her  annual  orbit.  ^ 

Dr*  Halley  calculated  that  the  meteor  setD  Ihiauglwiut 
in  1718I9  (as  the  reader  will  find  m  his  own  ipery  i 
aciiptioB  in  ttie  suli^med  section)  must  have  hetm  sixty  milea  Mfjb^ 
aod  have  passed  cmr  thaee  huadred  gisographical-'  miles  iwa  aiiaaiah' 
It  exploded  with  a  great  report. 

Lerrf  oanputad  that  tht  extensive  meteor  wfaioh  mffmm&^tm 
have  originaled'  over  the  coasts  of  Bagland,  in  177O,  waa  Amb  thB^ 
first  BMPe  than  eighteen  leagues  high;  and  dascfihcA 
sixty  leagues  in  ten  seconds. 

The  prodigious  meteor  that  appeavcA  nearly  n  the 
ttOB,  in  1788,  waa  caleulaMl  by  Dr.  Bhigdon  (aa  we  shall 
presently)  to  hai«  ibnned  at  a  height  of  fifty  milea;  to  have 
about  two  miles  in  length ;  and  to  have  moved  at  the  raleof 
twenty  miles  in  a  seconds  li  rushed  with  a  hiasmg  noisei  nnd  eBL^ 
ploded  with  a  report.  Mr*  Cavallo  computed  that  at  the  tmm  nf 
the  explosion  it  was  56}  milea  hi^,  107O  yavds  in*  diameter, 
its  path  immediately  over  Lincolnshire. 

Amidst  the  numerous  hypotheses  that  have  been  soceeasifely 
vanced,  to  account  for  these  extraordiaary  pb«nomena»  and  wn 
may  add,  as  successively  abandoned,  we  shall  content  oniatAvea 
with  enumerating  the  following,  as  those  which  have  possescad  thn 
greatest  number  of  advocates* 

1.  It  was  contended  by  Sir  J.  Prtngle,  and  variona  other  phiJoen* 
phers,  that  they  are  revolving  bodies,  oi  a*  kind  of  teneatiinl 
comets. 

2.  Dr.  Halley  conjectuied  them  t»  consist  of  combustible  vaw 
pours,  accumulated  and  formed  into  concrete  bodies  on   the  out 
skirts,  or  extreme  regions  of  the  atmoaphert,  and  le  be  suddenly 


Ml  on  6rt  by  some  uoknowtk  cause :  and  this  opioioo,  bas  since 
betn  maiataioedy  with  little   difference,,  by  Sir  W.  HamiUon  and 
Sv.  King. 
3.  Dr.  Blagdon  regarded  tbem  as  altogether  electrical  phsioa* 


4te  M.  Taarn  believed  them  to  consist  of  volcanic  nsatenals,  prow, 
polled  into  the  aUnospbere  in  the  course  of  explosion*  of  grea^ 

Sm  MvCbladolthraw  oat  tbe  bypotbesia  that  they  consist  of  sab* 
ilnnce»  eMtiiig  exteaior  to  the  atmosphere  of  the  earth,  and  othc» 
ghinetSt  which  have  never  incorporated  with  them,  and  are  fonnd 
IcMMW  in  the  vast;  oeeam  of  space  ;  combined  and.  iaiamed  b>  eause» 
unknown,  to  us* 

0$  The  latest,  and»  at  this  moment,  the  most  favourite  hypotbe* 
si^iia  that  the  whole,  oi»  at  leai>t»  tlie  more  compact  division  of 
tbam,  consists  of  materiafo  thrown  from  immense  volcanos  in  th» 
aBUMMw  ceoceming  which  we  shall  speak  more  at  large  in  a  subte» 
qpsnt  MctkMK  Thieidea  was  fint  started  by  9d.  Olbers,  in  1791^^1 
(ihirii's  Man.  Com.  vii.  146,  as  also  PhU.  Mag.  xv.  2«9.>  and  ha» 
siHoa  been  very  plausibly  supported  by  M.  Laplace. 

Thia  hu4  hypothasia  does  not,  however,  veify  well  apply  lo  the 

saMttea  and  lese  sahsinntial.  BMteors  of  shooting  stars :  and  henoft 

thft  piiilosophers  who  advocate  it  endeavf^ur  to  derive  these  latleir 

phmnoroena-  frsni'  some  other  eaaee,  as  electricity,  or  tcvrestriai 

eihaJaliaaa-:  and  observe  in  support  of  the  distinction  th<*y  hud  i^ 

nneessasy  to  make,  that  shooting  staramost  be  of  a  differ«iit  aatora 

fipana  Am^mUs,  sumo  they  sometimee  appear  to^  ascend  aa  vreU  as  U» 

firiit  an  observatioathat  baa  especially  been  dwelt  upon  by  Ben* 

andGhkidnik 

[EniTOE. 

SECTION   II. 

jhctmnt  of  several  esctracrdinary  Meteors,  or  Lights  in  the 

Sky. 

By  Dr.  Edmaod  HaUey,  F.  R.  S. 

Ta&  tlieoi^  of  the  air  seems  now  to>  be  perfectly  well  understood, 
ind  its  diffirent  densities  at  ali  altitudes,  both  by  reason  and  eape- 
rinsn^  are  suffioentJy  defined;  fos,  suppoeing  the  aame  air  to 
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oocnpj  spaces  reciprocally  proportkNnl  to  the  quantity  of  tM  Mipe 
lior  or  incumbent  air,  I  have  elsewhere  proTcd^  thit  irt  fbirty  mflis 
high  the  air  b  rarer  than  at  the  surface  of  the  earth  aboat  8000 
times ;  and  that  the  ntmost  height  of  the  atmospheret  which  lefleds 
light  in  the  crepusculum,  is  not  fully  forty.frre  miles.    NotwHb* 
standing  which,  it  is  still  manifest,  that  some  sort  of  vapoun,  and 
those  in  no  small  quantity,  rise  neariy  to  tbat.heigfat.    An  ii 
of  this  may  be  given  in  the  great  light  the  society  had  an 
of  (vide  Trans.  Sept.  1676)  from  Dr.  Wallis,  which  was  leeo  m  Wiy 
distant  counties  almost  over  all  the  south  part  of  England.    Of 
which,  though  the  Doctor  could  not  get  so  particular  an  aceonat 
as  was  requisite  to  determine  its  height,. yet  from  the  distant  places 
it  was  seen  in,  it  could  not  but  be  a  great  many  miles  fa^» 

So  likewise  tliat  meteor  which  was  seen  in  1708,  on  the  31st  of 
July,  between  nine  and  ten  o'clock  at  night,  was  evidently  hotwcta 
forty  and  fifty  miles  perpendicularly  high,  and  as  near  as  I  can 
gather,  over  Sheemess  and  the  Buoy  on  the  Nore.  For  H  was 
aeen  at  London  movmg  horizontally  ^m  £•  by  N.  to  E.  by  SL  it 
least  fifry  degrees  high,  and  at  Redgrave  in  Snflblk,  on  the  Tar- 
mouth  road,  about  twenty  miles  from  the  east  coast  of  Eaglaad, 
and  at  least  forty  miles  to  the  eastward  of  London,  it  appeared  a 
little  to  the  westward  of  the  south,  suppose  8.  by  W.  and  vras  seen 
about  thirty  degrees  high,  sliding  obliquely  downwards.  I  was 
shown  in  both  places  its  situation,  but  could  wbh  some  person 
skilled  io  astronomical  matters  had  seen  it,  that  we  might  pro- 
nounce concerning  its  height  with  more  certainty ;  yet,  as  it  is,  we 
may  securely  conclude,  that  it  was  not  many  miles  more  westerly 
than  Redgrave ;  which,  as  I  said  before,  is  above  forty  miles  more 
easterly  than  London.  Suppose  it  therefore,  wliere  perpendicQtar» 
to  have  been  thirty.five  miles  east  from  London,  and  by  the  afti. 
tude  it  appeared  at  in  London,  viz.  at  fifVy  degrees,  its  tangent  will 
be  forty.two  miles,  for  the  height  of  the  meteor  above  the  surAce 
of  the  earth;  which  also  is  rather  of  the  least,  because  the  altitude 
of  the  place  showu  me,  is  rather  more  than  fifty  degrees ;  and  the 
like  may  be  concluded  from  the  altitude  it  appeared  iu  at  Redgrave, 
near  seventy  miles  distant.  Though  at  this  great  distance,  it  ap. 
peared  to  move  with  an  amazing  velocity,  darting,  in  a  very  fiew 
seconds  of  iime,.fiff  about  twelve  degrees  of  a  great  circle  from 
lutrth  to  south,  being  very  bright  at  its  first  appearance;  and  it  died 
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away  at  the  end  of  its  course,  leaving  for  some  time  a  pale  wbitenesi 
in  the  place*  with  some  remains  of  it  in  the  track  where  it  had  gone*; 
but  no  hissing  sound  as  it  passed,  or  explosion,  was  heard. 

It  ma^  deserve  the  honourable  Society's  thoughts,  how  so  great 
a  quantity  of  vapour  should  be  raised  to  the  very  topof  the  atmo* 
sphere,  and  there  collected,  so  as  upon  its  accension,  or  otherwise 
illumination,  to  give  a  light  to  a  circle  of  above  100  miles  diameter,  not 
much  inferior  to  the  light  of  the  moon ;  so  as  one  might  see  to  take 
a  pin  from  the  ground  in  the  otherwise  dark  night.  It  is  hard  to 
conceive  what  sort  of  exhalations  should  rise  from  the  earth,  either 
by  the  action  of  the  sun  or  subterranean  beat,  so  as  to  surmount 
fbe  extreme  cold  and  rareness  of  the  air  in  those  upper  regions : 
but  the  fact  is  indisputable,  and  therefore  requires  a  solution. 

Like  to  this,  but  much  more  considerable,  was  that  famous  me* 
teor  which  was  seen  to  pass  over  Italy,  on  the  2 1st  of  March.  O.  S. 
Anno  1676,  about  an  hour  and  three  quarters  aAer  sun  set,  which 
happened  to  be  observed,  and  was  well  considered,  by  the  famous 
professor  of  mathematics  in  Bononia,  Geminian  Montauari,  as  may 
be  seen  in  his  Italian  treatise  about  it,  soon  after  published  at  Bo* 
nonia*  He  observes  that  at  Bononia,  its  greatest  altitude  in  the 
S.  S.  £•  was  thirty-eight  degrees,  and  at  Siena,  fifty-eight  to  the 
N.N.W. ;  that  its  course,  by  the  concurrence  of  all  the  observers^ 
was  from  E.  N..£.  to  W.S.W.  that  it  came  over  the  Adriatic  Sea  as 
from  Dahnatia:  that  it  crossed  over  all  Italy,  being  nearly  vertical 
to  Rimini  and  Savigniano  on  the  one  side,  and  to  Leghorn  on  the 
other:  that  itn  perpendicular  altitude  was  at  least  thirty-eight 
miles :  that  in  all  places  near  this  course,  it  was  heard  to  make  a 
hissing  noise  as  it  passed,  like  that  of  artificial  fireworks:  that 
having  passed  over  Leghorn,  it  went  off  to  sea  towards  Corsica; 
and  lastly,  that  at  Leghorn  it  was  heard  to  give  a  very  loud  report 
like  a  great  cannon;  immediately  after  which,  another  sort  of 
•ound  was  heard,  like  the  rattling  of  a  great  cart  running  over 
stones,  which  continued  about  the  time  of  a  credo. 

lie  concludes,  from  the  apparent  velocity  it  went  with  at  Bono- 
nia, at  above  fifty  miles  distance,  that  it  could  not  be  less  swift, 
than  1 60  miles  in  a  minute  of  time,  which  is  above  ten  times  as 
swift  as  the  diurnal  rotation  of  the  earth  under  the  equinoctial, 
and  not  many  times  less  than  that  with  which  the  annual  motion  of 
the  earth  about  the  sun  is  performed*    To  this  he  adds,  its  magni- 
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m4&9  ^whiflh  •ppcied  •!  Mmmmm  Iwggr  <Immi  Ihe-ntM-iii 
AMtor^  'm4  above  hiilf  >MlMige  ag«MM4lie oilier;  ^liiMi  ^rMb  Ae 
given  distSMie  of  ^••ye»  <iMkM  ile-feirt  hm  ^imm^w  liht wft  <>lf  ^ 
mle,  ■od'tiie  elbcr  4d  prqMirtvM.  Tim  mppnti,  4l«aHMlbe 
wondcfied  ibat  to  giMt«lKMiyiiievin|r  Willi -floA  aaui^g'frtib 
city  tbrwigh  the  air,  tbougk  ••#  imk^  larefied  «•  jt  fc  !■  4ls  mpym 
•egiaiWi  «hotild  eccasioo  ao  lead  a^biisHif  neiset  at  to  be  liaaij  aft 
aaeh  adistanoe  as  it -seem  llm  was.  Bat  ft  wiM  *be  tmich  bafteia 
oanoaive,  liow  saah  aa  iaspctus  «o«kl  ht  knpwssed  aa  Ab  baiy, 
wbich  Ar •exceeds  Hiat  t/i  maj  caonoa  bidli  aad  %ow  this  impilv 
abotftd  be  determiaed  to  a^Kfadioo  «e  aeafly  pandlel  4a  llia%ari* 
aaa ;  and  wbit  sort  of  sobstaaee  it  most  be,  •that  coaM  lie  aa  in^ 
pelled  and  -ignitad  at  tbenme  tiaie:  there  Mng  no  ^akaaob  or 
4ilber  apiracalaai  of  aubterraneoos  tkt,  in  fbe  'N,  E.  parts  aNf  4a 
iKM(ld>  4iiat^€'C«ar  yat  beaid  of^  from  wbeace  it  migbt  ba  pia^ 
jacsaa* 

I  baae  Miwih  ooBsMeaed  this  appeanMMe,  aadAiakit  aoaoftta 
baideit  tbings  ilo  aooatd  fcr,  Aat  I  baae  yat  aMt  wMi  In 
aanieaaiof  jnataoia;aodaBiJBdnead  to  tfddk  4bat  it  naut  ba 
collediaa^f  Matter  ^soDad  in  the  aetbar»  as  it  wait  by«MnafiNw 
luitous  conaoane  of  atoms^  and  that  Ae  aacUi  aMt  ^b  Jt  aa  k 
passed  along  in  its  orb,  than  bat  newly  formed,  and  before  it  Imf 
conceived  any  impetAis  of  descent  towards  the  sun.  For  its  diree» 
lion  was  exaotly  ofiposite  to  that  of  the  earth,  which  made  an  aagla 
wilh  Ihe  maciduui  jit  that  tia^  (the  sun  being  in  about  elaaan 
degrees  of  Aries)  of  6f*;  that  is,  its  ooarse  was  from  W.  S.  W.  to 
£.|i.  E.  «o  ^lat  the  ineteor  seemed  to  move  the  oonteary  way. 
And  besides,  ^ing  into  the  power  a(  the  earth's  gravity,  and  lodqg 
its  iMrtion  froin  Ihe  opposition  of  the  mediam,  it  eeews  that  it  de- 
scended towards  the  earth,  and  was  eatiiiguished  in  Ihe  Tynbena 
€ea.  to  tbe  W.  6.  W.  of  Legiiom.  The  great  report  being  beard  on 
iKSffirst  immersMD  into  the  water;  and  the  rattling, like^he drivrng  a 
cart  over  stones,  beini;  nhat  succeeded  on  its  quenching ;  saasab 
thing  like  lArbich  is  always  observed  on  quencbbig  a  very  hot  iroa 
ia  water.  These  facts  being  past  dispute,  I  would  be  glad  to  baaa 
Ihe  opinion  of  the  leuriicd  wi  tb«'ni,  and  what  objection  can  be  •rea> 
sooably  made  against  tbe  aboves«id  hypothesis,  which  I  hmub^ 
submit  to  their  censure.         ' 
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P.  8.  Since  this  was  wiittaB,  tlMie  has  fiiUen  into  oij  tamb  «i 
aco9uut  at  mwAy  siicb  aaotber  appearance,  seeu  in  Oennao>,  in  tbe 
yaar  iff86«  at  Leipsic.  by  the  late  Mr.  Gottffied  K^ch,  wlw  was 
lor  mauj  years  a  very  diligent  observer  of  the  heavens,  and  was  pef^- 
iecjtky  weU  instructed  io  astronoaiicai  matteis.  In  an  Appendix  to 
his  Ephemerides  for  the  year  1 688,  he  gives  thb  remarkable  account 
.of  at  ''  On  the  9th  of  July,  O.  S.  at  half  an  liour  pa»t  one  in  the 
BMMrnioi^  a  fire  ball  with  a  tail  was  observed,  in  8^  degrees  of 
Aquarius,  and  4^  north,  which  continued  immoveable  for  half  a 
^purler  4>f  an  hour,  having  a  diameter  neacly  equal  to  half  the 
moon's  diameter.  At  first,  its  light  was  so  great  that  we  couiil  see 
'Jo  nend  hy  it:  after  which,  it  gradually  vauisbed  in  its  plaoe.  This 
jphenemsnon  was  -observed  at  the  same  time  in  several  other  places ; 
•c^ieoMlly  at  Sehlatica,  a  town  distant  from  Dantaic  eleven  Geramn 
■ules  towards  the  south,  its  altitude  being  about  6P  above  the 
aowtbem  horiion." 

At  the  lime  of  this  appearance  the  sun  was  in  26¥*  of  Cancer^ 
Mid  by  Ike  given  place  of  the  meteor,  it  is  plain,  it  was  leen  aUone 
j  jof  an  hour  past  the  meridian,  or  in  S*  by  W.  and  by  its  declina* 
tion  it  could  not  be  above  M^  high  at  Leipsic,  though  the  same,  M 
SofalaiBe  %iras  about  60^  high :  the  angle  therefore  at  the  meteor  was 
about  36^.  Whence,  by  an  easy  calculus,  it  will  be  found,  that  the 
same  was  not  less  than  sixteen  German  miles  distant  in  a  right  line 
from  Leipsic,  and  above  6^  such  miles  perpendicular  above  the 
horiaon,  that  is  at  least  thirty  £ugUsli  miles  high  in  tiie  air.  And 
though  the  observer  says  of  it,  immotus  perstitit  per  iemi-quadraii- 
tem  hoiae,  it  is  not  to  be  understood  that  it  keeps  its  place  like  a 
fixed  star,  all  the  time  of  its  appearauce;  but  that  it  had  no  very 
lemaikabie  progressive  motion.  For  he  himself  has,  at  the  end  of 
the  said  Ephemerides  given  a  figure  of  if,  which  he  has  marked 
lig.D,  whence  it  appears  that  it  darted  downwards  obliquely  to  the 
figfatliand,  and  where  it  ended,  left  two  globules  or  nodes,  not  visi- 
Me  but  by  an  optic  tube  (a  telescope.) 

The  same  Mr.  Gottfried  Kirch,  in  the  beginning  of  a  German  trea- 
tise of  his,  concerning  the  great  comet  vrhich  appeared  in  the  year 
1610,  entitled  Newe  Himmels  Zettung,  printed  at  Nurenburg,  anno 
I68I,  gives  an  account  of  such  another  luminous  meteor,  seen  like- 
wise at  Leipsic,  on  the  22d  of  May,  168O,  O.  5,  about  three  in  the 


nKMnuBg:  which  llHNigli  lMiifaMdf«#BOt»  was  yet  then 
hjr  feverel  penom^  who  oMde  vuiuut  Mpocts  of  it;  b«t  the 
inteliigeiit  agreed  that  it  wot  acco  deacendiagin  tha  aoitk 
behind  it  a  loog  white  itreak  where  it  had  iiawed.  At  the 
time,  at  Haarburg»  the  til^e  appcavanoa  wat  eteo  in  the  N.  B.  ar 
rather  N.N.B. ;  ai  alto  at  Hamburg,  Lubec»  and  Stmband,  nil  which 
are  aboot  forty  German  milct  from  Leipoe :  hot  inall  theae  plnei% 
bj  personi  onacquainted  with  the  manner  of  pioperlj  daacrihm 
thiugs  of  thit  kind.  So  that  all  we  can  eondude  from  it  iiy  thU 
thit  meteor  wat  eaceedingly  iiigh  above  the  earth,  at  well  at  lb> 
former. 

All  the  circilmttaneet  of  these  phamomcna  agraa  with  wimt  wm 
teen  in  England,  in  J70B ;  but  it  commonly  to  happentf  thnt 
contingeut  appearauoet  escape  the  eyet  of  thoae  that  ane  batl 
Ufied  to  give  a  good  account  of  them*  It  is  phun,  howcfcr»  iktt 
this  sort  of  luminous  vapour,  is  not  exceedingly  seldom  thnt  coHm^ 
ed;  and  When  the  like  thall  agpun  happen,  thecuiiont  are  entiaalad 
to  take  rooie  notice  of  them  than  has  been  hitherto  donop  thai  aw 
may  be  enabled  the  better  to  account  ibr  tiie  tnrprismgnppeatWaep 
of  thit  tori  of  meteor* 

[Phil.  ZVan#«  17l4k 

•  ■ 

SECTION   III. 

Extraordinary  Blazing  Meteor^  seen  M  over  England^  Mmrek 

19»  1718-19. 

By  the  same* 

This  wonderful  luminous  meteor,  which  was  seen  in  the  heavcat 
on  the  ipth  of  March,  as  it  was  matter  of  surprise  and  attonitk 
meat  to  the  vulgar  spectator,  so  it  afforded  no  less  tulyectof 
inquiry  and  entertaiDment  to  the  speculative  and  curious  in  pfaytical 
matters ;  some  of  its  phaenonieua  being  exceedingly  hard  to  account 
for,  according  to  the  notions  hitherto  received  by  our  naturalittt ; 
such  are  the  very  great  height  thereof  above  the  earth,  the  vait 
quantity  of  its  matter,  the  extreme  velocity  with  which  it  moved^ 
and  the  prodigious  explosions  heard  at  so  great  a  distance,  wbota 
sound,  attended  with  a  very  sensible  tremour  of  the  subject 
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cettiialy  propagated  through  a  niedhini  eitieaelj  laiVi  and 
next  to  a  Tacnum. 

*  III  No,  341  of  these  Transactioas,  I  have  collected  what  I  could 
fiad  of  audi  meteors ;  and  tfiuce,  turning  over  the  Ephemerides  of 
Kepkr^  1  accidentally  4iit  upon  another,  prior  to  all  those  there 
described,  and  which  was  seen  all  over  Grermany,  Nov.  7,0.  S.  l623, 
«jBd  in  Austria  also  was  heard  to  burst  with  an  explosion  like  thun. 
der.  Yet  neither  this,  nor  any  of  the  other  hitherto  described^ 
aeeiD  to  come  up  in  any  circumstance  to  this  late  appearance ;  of 
wbkh  1  am  in  hopes  to  ghre  a  satisfactory  account,  being  enabled 
thereto  by  the  numerous  accounts  communicated  to  the  Royal 
Society  from  most  parts  of  the  kingdom.  Some  of  the  most  per* 
ftct  dcscfiptions  we  have  received  are  the  following. 

First,  our  very  worthy  vice  president.  Sir  Hans  Sloane,  being 
abroad  at  that  time,  happened  to  have  his  eyes  turned  towards  it« 
at  its  very  first  eruption ;  of  which  he  gave  the  following  account : 
Ibat  walking  in  the  streets  m  London^  at  about  a  quarter  after  eight 
at  night,  he  was  surprised  to  see  a  sudden  great  light,  far  exceed* 
hag  that  of  the  moon,  which  shone  very  bright.  He  turned  to  the 
wcitward,  where  the  light  was,  which  he  apprehended  at  first  to  bt' 
artificial  fire  works,  or  rockets.  Tiie  first  place  he  observed  it  io^ 
waa  about  the  Pleiades  northerly ;  whence  jt  moved  after  the  man* 
ner  of  a  fiilling  star,  but  more  slowly,  in  a  seeming  direct  line,  de« 
acendiiig  a  little  beyond  and  below  the  stars  m  Orion's  Belt,  then 
io  the  S.W.  The  long  stream  appeared  to  be  branched  about  the 
middle^  and  the  meteor  in  its  way  turned  pear.fasbioned,  or  taper* 
ing  upwards.  At  the  lower  end  it  came  at  last  to  be  larger  and 
spherical,  though  it  was  not  so  large  as  the  full  moon.  Its  colour 
was  whitish,  with  an  eye  of  blue,  of  a  most  vivid  dazsling  lustre^ 
which  seemed  in  brightness  very  nearly  to  resemble,  if  not  surpass, 
that  of  the  body  of  the  sun  in  a  clear  day.  This  brightness  obliged 
)iim  to  turn  hb  eyes  several  times  from  it,  as  well  when  it  was  a 
streaaii,  as  when  it  was  pear-fashioned  and  a  globe.  It  seemed  to 
move  io  about  half  a  minute,  or  less,  about  the  length  of  20%  and 
to  go  out  about  as  much  above  the  horixon.  There  was  left  be* 
bind  it,  where  it  had  passed,  a  track  of  a  cloudy  or  fiiint  reddish 
^fellow  colour,  such  as  red*hot  iron  or  glowing  coals  have,  whidi 
oootioued  more  than  a  minute,  seemed  to  sparkle,  and  kept  its 
place  without  falluig.    This  tract  was  interrupted,  or  had  a  chasm 
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towards  its  upper  end,  at  about  two*thirds  of  its  length.  He  did 
Dot  hear  any  noise  it  made  }  but  the  place  where  the  globe  of  light 
had  been^  contbnied  for  some  time  after  iC  was  extinct,  of  the  sune 
reddish  yellow  colour  with  the  stream,  and  at  first  aoroe  sparks 
seemed  to  issue  from  it,  such  as  come  from  red-hot  iron  beaten  out 
ou  an  anvilr 

All  the  other  accounts  of  the  phenomenon,  in  London,  agree  in 
this,  that  the  splendour  was  little  inferior  to  that  of  the  sun ;  that 
within  doors  the  randies  gave  no  manner  of  light,  and  in  the  streets 
not  only  all  the  stars  disappeared,  but  the  moon,  then  niae  days 
old,  and  high  near  the  meridian,  the  sky  being  very  clear,  was  so 
fer  effaced  as  to  be  scarcely  seen ;  at  least  not  to  cast  a  shade,  even 
where  the  beams  of  the  meteor  were  intercepted  by  the  honses ; 
BO  that  for  some  few  seconds  of  time,  in  all  respects  resembled  per« 
lect  dayr 

The  time  whenr  this  happened  was  generally  reckoned  at  a  tfimit* 
ttr  past  eight ;  but  by  the  more  accurate  account  of  tha  Rev.  Mr* 
Pound,  who  only  saw  the  light,  agreeing  with  what  lias  been  sent  us 
from  the  Parisian  observatory,  it  appears  to  have  been  at  eight 
hours  eight  minutes  apparent  time  at  London.  And  the  sun  bring 
then  in  9|^  of  Aries,  the  right  ascension  of  the  mid.heaven  rnH 
130^  45s  hy  which  the  position  of  the  sphere  of  fixed  stars  is  given. 
Plence  the  lucida  pleiaduni  will  be  found  at  that  time  to  have  been 
25^®  high,  m  an  azimuth  6*  to  the  northward  of  the  west ;  and 
consequently  the  arch  the  meteor  moved  in,  was  inclined  to  the 
horizon  whh  an  angle  of  about  2?^  having  its  node  or  interaectioB 
with  it,  nearly  south«south-west,  as  will  be  more  evident  by  what 
Mlows. 

At  Oxford,  five  minutes  earlier,  Mr.  John  Whiteside,  R.  S.  Soc. 
Keeper  of  the  Ashmolean  Museum,  and  very  skilful  in  both  mathe^ 
niatical  and  physical  matters,  immediately  after  the  extinction  of 
the  meteor,  made  haste  out  to  see  what  it  might  be  ;  and  well  con« 
sidering  the  situation  of  the  track  it  had  left  m  the  sky,  found  it  td 
have  passed  about  l|^  above  the  preceding  shoulder  of  Orion,  and 
about  3^^  above  the  middle  of  his  Belt,  where  there  a^ieared  a 
luminous  nubecula  of  a  reddish  light,  being  a  dilation  of  the  track, 
seeming  to  have  been  occasioned  by  some  explosion  there ;  and  by 
what  he  could  learn  from  those  that  saw  it,  it  was  thereabout  that 
it  broke  out,  and  first  began  to  efiace  the  stars.  Hence  it  proceeded 
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«s  to  sense,  in  an  arch  of  a  great  circle ;  and  passing  in  the  middle 
between  the  tail  of  Lepus,  Bayer^s  9  and  /3  in  the  fore.foot  of  Canb 
Major,  it  terminated  about  ^  in  tlie  breast  of  the  same,  nearly  hi 
95^  of  right  ascennion,  with  23^  south  declination ;  and  at  the  place 
of  its  extinction  there  remained  a  large  whitish  nebula,  much  broader, 
and  of  a  stronger  light,  than  the  rest  of  the  track,  which  he  took 
for  a  certain  indication  of  a  very  great  explosion  made  there.  By 
compntation,  it  will  be  found  that  the  angle  this  track  made  with 
the  horison  of  Oxford  was  nearly  4(f,  and  its  intersection  due 
S.  8.W. ;  and  that  the  place  of  its  extinction  was  about  g^  above 
the  horison  in  the  aximuth  of  3^®  to  the  west. 

At  Worcester,  Mr.  Nicolas  Fatio,  a  person  greatly  skilled  m  astro- 
feKMnical  afiairs,  saw  this  meteor  descend  obliquely  towards  the  south, 
■laking  an  angle  with  the  horizon  of  about  65^,  and  intersecting  it 
about  S.  S.W.  i  S.  The  track  left  all  Orion  and  Canis  Major  to 
the  westward,  and  divided  the  distance  between  Sirius  and  Procyon, 
•0  as  to  be  almost  twice  as  fsr  from  Procyon  as  Sirius.  The  time 
here  was  one  minute  before  eight,  this  city  bemg  about  nine  mi- 
natet  of  time  to  the  west  of  London,  and  consequently  the  right 
•soennoa  of  the  mid.heaven  128|  degrees. 

-  Now  the  situation  of  the  three  cities,*  London,  Oxford,  and 
Worcester,  being  nearly  on  the  same  W.N.W.  point,  on  which  the 
track  of  the  meteor  had  its  greatest  altitude  above  the  horizon,  equal 
to  the  angle  of  its  visible  way ;  if  we  suppose  it  at  London  to  have 
been  S7  degrees  high,  and  at  the  same  time  at  Worcester  to  be  65 
degrees  high,  in  the  plane  of  the  vertical  circle  passing  through 
London  and  Worcester;  supposing  likewise  the  dbtance  between 
them  to  be  90  geographical  miles,  or  one  degree  and  a  half  of  an  arch 
of  a  great  circle  of  the  earth,  we  shall,  by  an  easy  trigonometrical 
calculus,  find  the  perpendicular  height  to  have  been  64  such  miles; 
and  the  point  over  which  it  was  then  perpendicular  to  have  been  30 
inch  miles  W.N.W.  from  Worcester ;  and  the  geographical  mile  to 
the  English  statute  mile  being  nearly  as  S3  to  20,  this  height  will 
be  no  less  than  73^  English  miles ;  the  place  directly  under  it  wfll 
be  found  to  be  about  Presteign,  on  the  confines  of  Hereford  and 
Radnorshires.  The  Oxford  observation  nearly  agrees  in  the  same 
ccmclusion. 

This  altitude  being  added  to  the  semidiameter  of  the  earth  as 
fadins,  becomes  the  secant  of  1 1  degreM:  so  that  the  meteor  might 
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be  seen  above  tfae  horison,  in  all  places  not  more  than  220  leaguff 
dbtant  from  it.  Whence  it  will  not  be  strange  that  it  should  be 
seen  over  all  |)aits  of  the  islands  of  Great  Britain  and  Ireland,  oier 
all  Holland,  and  the  hither  parts  of  Germany,  France,  and  Spaing 
at  one  and  the  same  instant  of  time. 

This  suggests  a  considerable  use  that  might  be  made  of  these 
momentaneous  phsenomena,  for  determining  the  geographical  Ion* 
gitudes  of  places.  For  if,  in  any  two  places,  two  observers,  by  help 
of  pendulum  clocks  duly  corrected  by  celestial  observation,  exactly 
note  at  what  hour,  minute,  and  second,  such  a  meteor  as  this  ex* 
plodes  and  is  extinguished,  the  difference  of  those  times  will  be  the 
difference  of  longitude  of  the  two  places,  as  is  well  known. 

Having  thus  fixed  one  point  in  the  line  of  its  motion,  let  us  now 
consider  what  course  the  meteor  took  from  thence.  And  first  al 
the  town  of  Kirby  Stephen,  on  the  borders  of  Yorkshire  aa4 
Westmoreland,  in  a  meridian  very  little  to  the  westward  of  Woi^ 
cester,  but  about  two  degrees  and  a  half  more  to  the  north,  it  mm 
observed  to  break  out  as  from  a  dusky  cloud,  directly  under  the 
moon,  and  from  thence  to  descend,  nearly  in  a  perpendicular,  almost 
to  the  horizon.  Now  the  moon,  being  at  that  time  in  the  third 
degree  of  Leo,  was  about  half  an  hour  past  the  meridian,  and  con* 
sequently  much  about  a  point  to  the  west,  or  S«  by  W»:  and  the 
situation  of  Presteign  from  Kirby.Steven  being  sufficiently  near  oo 
the  same  point,  it  follows  that  the  direction  of  the  track  of  the 
meteor  was  according  to  the  great  circle  passing  over  those  two 
places. 

And  this  is  further  confirmed  by  the  observation  of  Sam.  Cruwys, 
Esq.  Reg.  S.  S.  who  at  Tiverton,  about  twelve  geographical  miles 
nearly  due  north  from  Exeter,  observed  the  first  explosion  of  this 
meteor  exactly  in  his  zenith,  as  be  was  assured  by  applying  his  eye 
to  the  side  of  his  door,  which  he  took  to  be  perpendicuUr,  and 
looking  upwards  :  and  from  thence  he  saw  it  descend  to  the  south, 
ward,  directly  in  the  same  azimuth,  without  declining  either  to  the 
right  or  left.  Hence  it  is  plain,  that  the  track  Ukewise  passed  over 
this  place,  which  by  our  best  maps  is  found  to  lie  in  ii  line  with 
Presteign  and  Kirby.Steven ;  so  that  we  shall  take  it  for  granted 
that  this  was  the  very  course  it  held. 

On  this  supposition,  that  the  first  explosion,  attended  with  the 
reddish  nubecula,  was  directly  over  Tiverton,  we  have  the  Oxford 
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oTiservatioii  to  compare  with  it,  in  order  to  determioe  more  nicely 
^e  perpendicular  altitude  there.  At  Oxford  fliis  nubecula  was 
found  to  be  3f°  above  the  middle  star  of  Orlon*s  girdle^  at  6h.  3m« 
and  was  therefore  261*"  above  the  horizon ;  and  the  distance  between 
Oxford  and  Tiverton  being  l""  55\  or  115  geograpliical  miles,  it  wiH 
be  as  the  sine  of  6l°  35'  is  to  the  sine  of  63*"  30^,  so  b  the  semi.dia- 
tiieter  of  the  earth,  or  3437|  such  miles,  to  3498  miles,  the  distance 
of  the  meteor  from  the  centre  of  the  earth  ;  from  which  deducting 
the  semi-diameter,  there  remains  60}  geographical  miles,  for  the 
height  of  the  meteor  above  Tiverton.  And  this  is  conlfirmed  by  the 
observation  of  the  Rev.  Mr.  William  Derham,  who  at  Windsor  saw 
the  aforesaid  nubecula  about  two  degrees  above  the  most  southern 
of  the  seven  stars  in  the  shield  of  Orion;  that  is  (the  time  being 
8h.  6m.)  in  the  altitude  of  23|*':  whence,  the  distance  between 
Tiverton  and  Windsor  being  150  measured  miles,  or  130  geogra- 
phical, by  a  like  proportion  we  shall  find  the  same  height  of  the 
meteor  60  such  miles,  wanting  only  one  quarter.  So  that  in  a  round 
number,  we  may  conclude  it  to  have  been  just  60  geographic,  or 
6^  statute  miles,  <(bove  the  earth's  surface.  It  is  impossible  to  come 
at  a  precise  determination  of  this  matter ;  by  reason  of  the  coarse. 
ness  and  inaccuracy  of  the  data,  which  were  only  the  notes  of  per* 
sons  under  the  surprise  of  the  suddenness  of  the  light,  and  no  ways 
pretending  to  exactness;  however,  such  as  they  are,  they  abun- 
dantly evince  the  height  to  have  exceeded  60  English  miles,  though 
some  would  have  it  to  be  no  more  than  38  or  40* 

1  was  unwilling  to  leave  off,  till  i  had  pitched  on  some  hypothesis 
that  might  subject  the  motion  of  this  meteor  to  a  calculus ;  that 
the  curious  might  be  able  to  compute  its  visible  way,  either  in 
respect  of  the  horizon,  or  among  the  fixed  stars :  this  I  found 
might  be  done  with  tolerable  exactness,  supposing  that  it  moved  in 
the  arch  of  a  chrcle  concentric  with  the  earth,  and  60  geographical 
miles  without  it ;  and  that  the  point  of  the  first  explosion  was  over 
the  lat.  of  50^40',  and  3"*  40^  to  the  west  of  London ;  and  that  of  the 
last  extinction  over  lat.  A^T  40^,  with  4°  5Qf  west  longitude ;  the  time 
being  fixed  to  eight  minutes  past  eight  at  London.  Hence  it  will  be 
easy,  by  a  trigonometrical  process,  to  obtain  the  visible  altitude  and 
nzimuth  of  the  meteor  at  either  of  its  explosions,  as  seen  from  any 
place  whose  longitude  and  latitude  b  known ;  and  from  the  time 
given,  the  points  in  the  sphere  of  stars  answering  to  those  aximutht 
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and  altitudes  are  readily  deduced.  And  let  those  wlio  contend  fiir 
a  much  less  height  of  this  meteor,  try  if  they  can,  on  such  their  sap* 
position,  to  reconcile  the  several  phaenomena  with  one  another,  and 
with  the  observation  of  the  Rev.  Mr.  William  Ella,  rector  of  Ramp* 
ton  in  Nottmghamshire,  between  Ghunsborough  and  Redford,  which 
for  its  exactness  I  must  not  omit.  Here,  at  8li.  5  m.  the  meteor 
was  seen  to  pass  precisely  in  the  middle  between  Sirius  and  the  foie 
foot  of  Canis  Major^  moving  obliquely  to  the  southward,  in  a  liaa 
whose  direction  seemed  to  be  from  the  middle  between  the  tuo 
shoulden  of  Orion ;  the  latitude  of  the  place  being  nearly  53*  Off^ 
and  long,  west  from  London  (f  45\  Let  them  try  bow  they  can 
account  for  its  being  seen  6ve  degrees  high  at  Aberdeen  in  Scotkad^ 
and  near  as  much  at  Peterhead,  half  a  degree  more  northerly :  and 
then  they  will  be  better  able  to  judge  whether  it  did  not  exceed  the 
feputed  limits  of  our  atmosphere.  Lastly,  if  the  apparent  altitode 
of  the  meteor  at  Paris  was  not  five  degrees  and  a  lialO  but  elevci^ 
on  the  W.  by  N.  poiut,  when  it  must  have  been  in  its  greatest  instr^ 
there  will  be  no  pretence  to  bring  it  lower  thau  I  have  made  it ; 
especially  if  it  be  allowed  to  have  followed  the  track  1  have  assigned 
it,  over  Presteigu,  Cardiff,  Minehead,  Tiverton,  and  Brest  io  Bia* 
tany. 

Allowing  this  to  have  been  the  path  it  moved  iu«  it  would  be 
easy  to  assign  the  real  magnitude  and  velocity  of  this  meteor,  if  the 
several  accounts  of  its  apparent  diameter,  and  of  the  time  of  its 
passage  from  one  of  its  explosions  to  the  other,  were  consistent 
among  themselves*  But  some  of  them  making  its  visible  appearance 
nearly  equal  to  the  sun'?,  which  in  the  opinion  of  many  it  far  ex* 
ceeded,  we  may  suppose  with  the  least  that,  at  the  time  when  it  first 
broke  out  over  Tiverton,  its  diameter  was  half  a  degree ;  and  its 
horizontal  distance  being  150  geographical  miles  from  London,  and 
its  altitude  60,  the  bypothenusal,  or  real  distance  from  the  eye,  will 
be  more  than  l60  such  miles ;  to  which  radius  the  subtense  of  half 
a  degree  will  be  above  an  English  mile  and  half,  being  about  2800 
yards  nearly.  After  the  same  manner  it  is  difficult  to  assign  its  due 
velocity,  while  some  make  it  half,  others  less  than  a  quarter,  of  a 
mhiute,  in  passing  tnun  its  first  explosion  to  its  last  extinction :  but 
the  distance  it  moved  in  that  time  being  about  three  degrees,  or  180 
geographical  miles,  we  may  modestly  compute  it  to  have  run  above 
.300  such  miles  in  a  minute;  which  is  a  swiftness  wholly  incredible; 
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nd  such,  that  if  a  heavy  body  were  projected  horizontally  with  the 
lane^  it  woald  not  descend  by  its  gravity  to  the  earth,  but  would 
rather  fly  o^  and  move  round  iti  centre  in  a  peqietual  orbit  like 
that  of  the  moon. 

,  Of  several  accidents  that  were  reported  to  have  attended  its  pas. 
age,  some  were  the  effect  of  pure  fancy  i  such  as  the  hearing  it  hist 
as  it  went  along,  as  if  it  had  been  very  near  at  hand;  some  imagined 
tbey  ftk  the  warmth  of  its  beams ;  and  others  thought  they  were 
■caMed  by  it«  But  what  is  oeitaiu,  and  no  way  to  be  disputed,  is 
die  wonderful  noise  that  followed  its  explosion.  All  accounts  from 
Devooand  Cornwall,  and  the  neighbouring  counties,  are  unanimoust 
that  there  was  beard  there,  as  it  were,  the  report  of  a  very  great 
camion,  or  rather  of  a  broadside,  at  s6me  distance,  which  was  sooa 
feDowed  by  a  rattling  noise,  as  if  many  small-arms  had  been  promii* 
awasly  discharged.  What  was  peculiar  to  thb  sound  was,  that  it 
was  attended  with  an  uncommon  tremour  of  the  aur^  and  every 
where  in  those  counties,  very  sensibly  shook  the  glass-windows  and 
doors  ID  the  houses,  and  according  to  some,  even  the  houses  them, 
^vet)  beyond  the  usual  effect  of  cannon,  though  near ;  and  Mr* 
Gniwys,  at  Tiverton,  on  this  occasion,  lost  a  looking*glass,  which 
being  loose  in  its  frame,  fell  out  on  the  shock,  and  was  broken. 
We  do  yet  know  the  extent  of  this  prodigious  sound,  which  was 
heard,  against  the  then  easterly  wind,  in  the  neighbourhood  of  Lon* 
don ;  and  by  the  learned  Dr.  Tabor,  who  distinctly  heard  it  beyond 
Lewes  in  Sussex  :  so  that  I  cannot  help  thinking,  that  such  a  me. 
teor  as  this  might  have  occasioned  that  famous  ode  of  Horace  : 
Farcus  deorum  cultor,  &c» 


— —  Namque  Diesplter 
Ifni  eonisco  nnbiladWidens, 
Plerumqae ;  per  punun  tonanCes 

EgU  equos  Tolucremqiie  curmin. 
Quo  bnita  teUai,  Sk  .       ConcntiCur.-"" 


But  whether  the  report  heard  near  Lewes  was  of  that  explosion 
right  over  Devonshire,  or  rather  of  that  latter,  and  much  greater  at 
the  extinction  over  Bretany,  I  shall  not  undertake  to  determine,  till 
we  have  some  further  accounts  from  France,  and  more  satisfactory 
information  to  build  upon. 

It  remains  to  attempt  something  towards  a  solution  of  the  un^ 
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common  phtenomena  of  this  meteor ;  and  by  comparing  them  with 
fhinjE^  more  ^miliar  to  us,  to  shew  at  least  how  they  might  powibly 
be  effected.  And  fir^t,  the  unusual  and  continued  heats  of  tbe  laft 
•ummer  in  these  parts  of  the  world,  may  well  be  supposed  to  haft 
excited  an  extraordinary  quantity  of  vapour  of  all  sorts  ;  of  which 
the  aqueous,  and  most  others,  soon  condensed  by  cold,  and  wanting 
t  certain  degree  of  specific  gravity  in  the  air  to  buoy  them  op^ 
ascend  but  to  a  small  height,  and  are  quickly  returned  in  rain,  dew*, 
&e*  whereas  the  inflammable  sulphurous  vapours,  by  an  innate 
levity,  have  a  sort  of  vis  centrifuga,  and  not  only  have  no  need  of 
the  air  to  support  them,  but  being  agitated  by  heat,  will  ascend  in 
▼acuo  Boileano,  and  sublime  to  the  top  of  the  receiver,  when  most 
other  fumes  fall  instantly  down,  and  lie  like  water  at  the  bottom. 
By  this  we  may  comprehend  how  the  matter  of  the  meteor  might 
have  been  raised  from  a  large  tract  of  the  earth's  surface,  and  as- 
cend far  above  the  reputed  limits  of  the  atmosphere ;  where,  being 
disengaged  from  all  other  particles,  by  that  pnnciple  of  nature  that 
congregates  homogenia,  visible  in  so  many  instances,  its  atoms  might' 
in  length  of  time  coalesce  and  run  together,  as  we  see  salts  shoot  io 
water,  and  gradually  contracting  themselves  into  a  narrower  com* 
pass,  might  lie  like  a  train  of  guii|K)wder  in  the  ether,  till  catching 
fire  by  some  internal  ferment,  as  we  find  the  damps  in  mines  fre- 
quently do,  tbe  flame  would  be  communicated  to  its  coiitinoed 
parts,  and  so  run  on  like  a  train  fired. 

This  may  explain  how  it  came  to  move  with  so  inconceivable  a  ve- 
locity :  for,  if  a  continued  train  of  powder  were  no  larger  than  a 
barrel,  it  is  not  easy  to  say  how  ver>  fast  the  fire  would  fly  along  it; 
much  less  can  we  imagine  the  rapi(f  ity  of  the  ascension  of  these  more 
inflammable  vapours,  lying  in  a  train  of  so  vast  a  thickness.  If  this 
were  the  case,  as  it  is  highly  probable,  it  was  not  a  globe  of  fire  that 
ran  alon^,  but  a  successive  kindling  of  new  matter :  and  as  some 
parts  of  the  earth  might  emit  these  vapours  more  copiously  thao 
others,  this  train  might,  in  some  parts  thereof,  be  much  denser  and 
larger  than  in  others,  which  might  occasion  several  smaller  explo. 
sions,  as  the  fire  ran  along  it,  besides  the  great  ones,  which  were  like 
the  blow itig  up  of  magazines.  Thus  we  may  account  for  the  rattling 
noise  like  small-arms,  heard  after  the  great  bounce  on  the  explosion 
over  Tiv(  rton ;  the  continuance  of  which,  for  some  time,  argues 
that  its  sound  came  from  dbtauces  that  increased. 
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What  may  be  said  to  the  profKigatioo  of  the  sound  through  a 
ncdiuiu,  accordiog  to  the  received  theor\  of  the  air  above  SOOfiOO 
tinier  rarer  than  what  we  breathe,  and  next  to  a  vacuum,  I  most 
eonless  I  know  not.  Hitherto  we  have  concluded  the  air  to  be  the 
febtcle  of  sound :  and  in  our  artificial  vacuum  we  iiud  it  greatly 
diminished  :  but  we  have  thb  only  instance  of  tlie  eff  rf  of  an  ex. 
plosion  of  a  mile  or  two  diameter^  the  immensity  of  which  may 
perhaps  compensate  for  the  extreme  tenuity  (»f  the  medium. 

IPhil.  Tram.  1719. 
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Meteor  of  a  Flaming  Sword,  seen  in  Yorkshire^  and  other 
neighbouring  Count ies^   Maif  18»  I7i0. 

By  Mr.  Ralph  Tfaorrsby. 

A  STRANG B  meteor  was  seen  at  Leeds,  on  Holy  Thursday,! 7 10» 
which  the  common  people  call  a  flaiuiiig  sword.  It  was  seen  in  the 
aeighbouhng  towns,  but  a  great  way  north,  as  also  above  fifty 
oules  south  of  Leeds.  It  appeared  here  at  a  quarter  past  ten  at 
mijbXf  and  took  its  course  trom  south  to  north :  it  was  broad  at 
OQC  end,  and  small  at  the  other ;  and  was  by  some  thought  to  re* 
aemble  a  trumpet,  and  moved  with  the  broad  end  foremost.  The 
l%ht  was  so  sudden  and  bright,  that  people  were  startled  to  see 
their  own  shadows,  when  neither  sun  nor  nioou  shone  upon  them. 
This  is  remarkable,  that  all  persons,  though  at  many  miles  dis- 
tanoe  from  each  other,  when  they  saw  it,  thought  it  fell  within 
three  or  four  furlongs  of  tbeni^  and  that  it  went  out  with  bright 
qwrkling^  at  the  small  end.  An  ingenious  clergyman  told  me,  that 
k  ¥ras  the  strangest  deceptio  viiu$  he  was  ever  sensible  of,  if  it  was 
not  absolutely  extinguished  within  a  few  paces  of  him  ;  and  yet 
others  saw  it  many  miles  off,  further  north,  in  a  few  moments.  It 
was  likewise  seen  in  the  counties  of  Nottingham  and  Derby,  as  well 
as  those  of  York  and  Lancaster. 

[Ibid.  1711. 
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SECTION  V. 

Luminous  Meteor,  seen  at  Peckham,  Dec.  11,  1741. 

By  Thomas  Milneri  M.D« 

Dec.  11,  1741>  at  seven  minutes  past  one  iu  the  afteraoon^  a 
globe  of  light,  somewhat  larger  than  the  horizontal  full  mooD>  and 
as  bright  as  the  raooo  appears  at  any  time  while  the  sua  is  above  the 
horizon,  instantaneously  appeared,  in  a  clear  blue  sky,  about  the 
S.S.E.  moving  towards  the  east  with  a  continual  equable  motiou,  and 
leaving  behind  it  a  narrow  streak  of  light,  whiter  than  the  globe 
itself,  throughout  its  whole  course.  Towards  the  end  it  appeared 
less  than  at  the  beginning  of  its  motiou ;  and  within  three,  or  it 
most  four,  seconds,  it  suddenly  vanished.  Its  apparent  velocity  was 
nearly  equal  to  half  the  medium  velocity  of  those  usual  meteon 
commonly  called  falling  or  shooting  stars. 

The  narrow  luminous  streak  remained  very  distinct  after  the  globe 
was  gone ;  and  gave  a  fair  opportunity  for  taking  the  elevation  of 
this  phenomenon  above  the  horizon,  at  the  beginning  and  end  of 
its  motion,  &c.  which  was  found  to  be  twenty  degrees.  This  lunu. 
nous  track,  or  path,  seemed  a  right  line,  not  quite  parallel^  bat  a 
little  inclined  to  the  plane  of  the  horizon,  viz.  highest  towards  the 
east.  It  was  at  first  very  narrow,  and  pointed  at  each  extremity ; 
but  soon  grew  broader,  and  within  twenty  minutes  after  the  appear* 
ance,  it  was  exactly  like  a  long  bright  rare  cloud,  discontinued  in 
two  places,  above  three  times  its  first  breadth,  and  a  little  more 
inclined  to,  and  elevated  above,  the  horizon,  than  it  was  immediately 
after  the  motion  of  the  globe. 

[PAi7.  Trans,  I742. 

SECTION  VI. 

Account  of  some  late  Fieri/  Meteors^  with  Observati9HS. 

By  Charles  Blagdcn,  M.D.  Sec.  R.  S. 

This  account  respects  chiefly  the  two  most  remarkable  of  tbe 
meteors  that  had  lately  appeared,  and  is  founded  partly  on  private 
communications,  and  partly  on  such  accounts  as  were  published  in 
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Ae  newspapen*  These  meteors  were  of  the  kind  known  to  tbe 
■ncients  by  ibe  names  of  Aaiuwaiif,  ni09i«  Bolides,  Faces,  Globlf 
6cc.  from  particular  differences  in  their  shape  and  appearance,  and 
sometimes*  it  seems»  under  the  general  term  of  comets:  in  tht 
Philosophical  Transactions  the)^  are  called  indbcriminately  fire-balls, 
or  fiery  meteors ;  and  names  of  a  similar  import  have  bcea  applied 
to  them  in  tbe  different  languages  of  Europe.  The  most  material 
cirruoi§tances  observed  of  such  meteoia  may  be  brought  under  the 
folloning  heads.  1.  Their  general  appearance.  2.  Theur  path. 
3.  Their  shape  or  figure.  4.  Their  light  and  colours.  5.  Their 
height.  6.  Their  noise.  7*  Their  size.  8.  Their  duration*  9. 
Their  Telocity. 

I>r.  B.  begins  with  the  first  of  these  meteors,  which  was  seen 
August  18,  1783. 

§  I.  Its  jseneral  appearance  in  these  parts  of  Great  Britain  was 
that  of  a  luminous  ball,  which  rose  m  the  N.N.W.  nearly  round, 
became  elliptical,  and  gradually  assumed  a  tail  as  if  ascended,  and 
in  a  certain  part  of  its  course  seemed  to  undergo  a  remarkable 
change,  compared  to  bursting :  after  which  it  proceeded  no  longer 
as  an  entire  mass,  but  was  apparently  divided  into  a  great  number, 
or  a  cluster  of  balls,  some  larger  than  the  others,  and  all  carrying 
a  tail  or  leaving  a  train  behind  ;  under  this  form  it  continued  its 
course  with  a  nearly  equable  motion,  dropping  or  casting  off  sparks^ 
and  yielding  a  prodigious  light,  which  illuminated  all  objects  to  a 
surprising  degree;  till  having  passed  the  east,  and  verging  consider* 
ably  to  the  southward,  it  gradually  distended,  and  at  length  was  lost 
OQt  of  sight.  The  time  of  its  appearance  was  Qh.  l6min.  P.  M. 
mean  time  of  the  meridian  of  London,  and  it  continued  visible 
about  half  a  minute. 

i  2.  How  far  north  the  meteor  may  have  begun  there  are  no 
materials  to  determine  with  precision ;  but,  as  it  was  seen  in  Shet- 
land, and  at  sea  between  the  Lewes  and  Fort  William,  and  appeared 
to  persons  at  Aberdeen  and  Blair,  in  At  hoi,  ascending  from  the 
northward;  and  to  an  observer  m  Edinburgh  as  rising  like  the  planet 
Mars;  there  can  be  little  doubt  but  its  course  commenced  beyond 
the  ^rtbest  extremity  of  this  island,  somewhere  over  the  northern 
ocean.  General  Murray,  F.R  S.  being  then  at  Athol  House,  saw  it 
pass  over  his  head  as  nearly  vertical  as  he  could  judge,  tracing  it 
from  about  45  degrees  of  elevation  north-north-westward  to  30  or 
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520  degrees  8oath.soulb*eastward«  where  a  range  of  baildiags  intcN 
oepted  it  from  hb  view.  From  near  the  lenith  of  Atfaol  Hoiuei  it 
passed  on  a  little  westward  of  Perth^  and  probably  a  little  eastward 
of  Edinburgh  ;  and  continuing  its  progress  over  the  sonth  of  Scot- 
land, and  the  western  parts  of  Northumberland,  and  the  bbhopiie 
of  Durbamj  proceeded  almost  through  the  middle  of  Yorksliiiff 
leaving  the  capital  of  that  county  somewhat  to  the  eastward. 
Hitherto  its  path  was  as  nearly  S.S.E.  as  can  be  ascertained;  but 
somewhere  near  the  borders  of  Yorkshire,  or  in  Lincolnshire,  it  ap. 
pears  to  have  gradually  deviated  to  the  eastward;  and  in  the  coune 
ef  that  deviation  to  have  su/Tered  a  very  remarkable  change  in  the 
nature  of  its  appearance,  and  to  have  separated  into  two  parts.  After 
this  division  the  compact  cluster  of  smaller  meteors  seems  to  have 
moved  for  some  time  almost  S.E.  thus  traversing  Cambridgeshire 
and  perhaps  the  western  confines  of  Suffolk ;  but  gradually  recover., 
ing  its  original  direction,  it  proceeded  over  Essex  and  the  Straits  of 
Dover,  entering  the  continent  probably  not  far  from  Dnnkirk,  where^ 
as  well  as  at  Calais  and  Ostend,  it  was  thought  to  be  vertical.  At 
terwards  it  was  seen  at  Brussels,  Paris,  and  Nuits  in  Bnrgmidy,  still 
holding  on  its  course  to  the  southward  ;  nay,  there  is  ah  intinutioo^ 
though  of  doubtful  authority,  that  it  was  perceived  at  Rome.  Our 
information  of  its  progress  over  the  continent  is  indeed  very  defective 
and  obscure ;  yet  we  have  sufficient  proof  that  it  traversed  in  all 
thuleen  or  fourteen  degrees  of  latitude,  describing  a  track  of  1000 
miles  at  least  over  the  surface  of  the  earth  ;  a  length  of  course  fiir 
exceedmg  the  utmost  that  has  been  hitherto  ascertained  of  any 
similar  phenomenon. 

§  3.  This  meteor  was  described  by  most  spectators  under  three 
different  forms,  and  is  so  represented  by  Mr.  Sandby  in  his  beautiful 
drawing ;  but  the  first  two  of  those  do  not  imply  any  real  variatioa 
in  its  shape,  depending  only  on  a  difference  in  the  point  of  view. 
Accordingly,  in  the  first  part  of  its  course  over  Scotland,  it  was 
seen  to  have  a  tail,  and  b  thus  described  by  General  Murray  when 
it  passed  Athol  House.  Two  causes  concur  in  this  deception;  first, 
the  fore- shortening,  and  even  occultation,  of  the  tail,  when  the  object 
b  seen  nearly  in  front ;  and,  2dly,  that  the  light  of  most  part  of  the 
tail  is  of  so  inferior  a  kind,  as  to  be  difficultly  perceived  at  a  great 
distance,  especially  when  the  eye  is  dazzled  by  the  overpowering 
brilliancy  of  the  body.    The  length  and  shape  of  the  tail,  however. 
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vere  perpetiaUy  Taiyiog;  nor  did  the  body  continue  always  of  tha 
aame  magnitude  and  figure ;  but  was  sometimes  round,  at  other 
times  elliptical,  with  a  blunt  or  a  pointed  protuberance  behind. 
From  such  changes  of  figure  in  this  and  other  meteors  it  is,  that 
they  have  been  compared  to  columns  or  pyramids  of  fire,  comets, 
barrels,  bottles,  flasks,  paper-kites,  trumpets,  tad.poles,  glass  drops, 
quoits,  torches,  javelins,  goats,  and  many  other  objects  |  whence 
the  mullifiirious  appellations  given  to  them  by  the  ancients  were 
borrowed. 

Reelecting  the  tails  of  meteors,  it  is  here  necessary  to  distinguish 
between  two  different  parts  of  which  they  consist.  The  brightest 
portion  seems  to  be  of  the  same  nature  as  the  body,  and  indeed  an 
doDgation  of  the  matter  composing  it ;  but  the  other,  and  that 
commonly  the  largest  portion,  might  more  properly  be  called  the 
train,  appearing  to  be  a  matter  left  behind  after  the  meteor  has 
passed;  it  is  far  less  luminous  than  the  former  part,  and  often  only 
of  a  dull  or  dusky  red  colour.  A  similar  train  or  streak  is  not  un« 
frequently  left  by  one  of  the  common  falling  stars,  especially  of  the 
brighter  sort;  and  vestiges  of  it  sometimes  remain  for  several 
aioates.  It  often  happens,  that  even  the  large  fire-balls  have  no 
other  tail  but  tbb  train,  and  this  of  the  18th  of  August  appeared  at 
times  to  be  in  that  state ;  its  tail  was  thought  by  some  spectators  to 
be  spiral. 

Under  this  changeable  form,  but  still  as  a  single  body,  it  pro- 
ceeded regulariy  till  a  certain  period ;  when  expanding  with  a  great 
increase  of  light,  it  separated  into  a  cluster  of  smaller  bodies  or 
ovals,  each  extended  into  a  tail  and  producing  a  train.  At  the 
aame  time  a  great  number  of  sparks  appeared  to  issue  from  it  in 
various  directions,  but  mostly  downward,  some  of  which  were  so 
bright  as  also  to  leave  a  small  traiu.  Most  fire-balls  have  suffered 
a  bursting  or  explosion  of  this  kind ;  but,  in  general,  they  have  been 
thought  to  disappear  immediately  afterwards.  This,  however,  con« 
tinned  its  course,  becoming  more  compact,  or  perhaps  re-uniting, 
and  aeems  to  have  undergone  other  similar  explosions  before  it  left 
our  island,  and  again  on  the  continent.  The  different  accounts 
tend  to  shew,  that  its  first  separation  or  bursting  happened  some. 
where  over  Lincolnshire,  perhaps  near  the  commencement  of  the 
fens.  It  is  observable,  that  the  great  change  in  this  meteor  corre. 
•ponds  with  the  period  in  which  it  suffered  a  deviation  from  its 


446  tiBRT  MBTtOBS. 

course^  as  if  there  were  tome  connexion  between  thoie  two  eirenm- 
stances ;  and  there  are  traces  of  something  of  the  same  kind  having 
happened  to  other  meteors*  If  the  explosion  be  any  sort  of  effinti 
we  cannot  wonder  that  the  body  should  be  moved  by  it  froai  a 
straight  line ;  but,  on  the  other  hand,  it  seems  equally  probable,  that 
if  the  meteor  be  forced,  by  any  cause,  to  change  its  direction,  the 
consequence  should  be  a  division  or  separation  of  its  parts. 

4  4.  Nothing  relative  to  these  meteors  strikes  the  beholders  with 
so  much  astonishment  as  the  excessive  light  they  afford,  suflkient  ta 
render  very  minute  objects  visible  on  the  ground  in  the  darkeit 
night,  and  larger  ones  to  the  distance  of  many  miles  from  tbc  eye. 
The  illumination  is  often  so  great  as  totally  to  obliterate  the  itanb 
to  make  the  moon  look  dull,  and  even  to  aflSNst  the  spectvton  like 
the  sun  itself;  nay,  there  are  many  instances  in  which  sach  meteois 
have  made  a  splendid  appearance  in  full  sun-shine*  The  coloar  <rf 
their  light  is  various  and  changeable,  but  generally  of  a  bluidi  cast, 
which  makes  it  appear  remarkably  white.  A  curious  effect  of  tUi 
was  observed  at  Brussels,  the  18th  of  August,  that  while  the  meteor 
was  passiug,  '<  the  moon  appeared  quite  red,  but  soon  ttcoveni  fU 
natural  light.*'  The  brightness  alone  of  the  meteor,  is  not  snffieieBt 
to  explain  this,  for  the  moon  does  not  appear  red  when  aeen  by 
day ;  but  it  must  have  depended  on  the  contrast  of  colour,  and 
sliow^i  how  large  a  proportion  of  blue  rays  enters  into  the  coropo* 
sition  of  that  light,  which  could  make  even  the  silver  moon  appear 
to  have  excess  of  red.  Prismatic  colours  were  also  observed  in  the 
body,  tail,  and  sparks  of  this  meteor,  variously  by  different  per^ 
sons ;  some  compared  them  to  the  hues  of  gems.  The  moment  of 
its  greatest  brightness  seems  to  have  been  when  it  burst  the  first 
time ;  but  it  continued  long  to  be  more  luminous  after  that  period 
than  it  was  before. 

The  body  of  the  fire-ball,  even  before  it  burst,  did  not  appear  of 
a  uniform  substance  or  brightness,  but  consbted  of  lucid  and  dull 
parts,  which  were  perpetually  changing  their  respective  positions ; 
so  that  the  whole  effect  was  to  some  eyes  like  an  internal  agitation 
or  boiling  of  the  matter,  and  to  others  like  moving  chasms  or  aper- 
tures. Similar  expressions  have  been  used  in  the  description  of 
former  meteors.  The  luminous  substance  was  compared  to  burning 
brimstone  or  spirits,  Chinese  fire,  the  stars  of  a  rocket,  a  pellucid 
ball  or  bubble  of  fire,  liquid  peari,  lightning  and  electrical  fire ; 
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few  penons  fiucied  it  to  be  solid,  especially  when  it  came  near  the 
senith*  DifFerent  spectators  observed  the  light  of  the  meteor  to 
suffer  at  times  a  sudden  diminution  and  revival,  which  produced  an 
appearance  as  of  successive  inflammation ;  but  might,  in  some  cases, 
at  least,  be  owing  to  the  interposition  of  small  clouds  in  its  path. 

§  5*  When,  in  consequence  of  a  more  accurate  attention  to  natu* 
ral  philosophy,  such  observations  were  first  made  on  fire-balls  as 
determined  their  height,  the  computers  were  with  leason  surprized 
to  find  them  moving  in  a  region  so  far  above  that  of  the  clouds  and 
Other  familiar  meteors  of  our  atmosphere ;  especially  as  to  every 
uniiiformed  spectator  they  appear  extremely  near,  or  as  if  bursting 
over  his  head,  a  natural  effect  of  their  great  light  when  seen  with. 
oat  interveniag  objects.    Their  real  height  is  to  be  collected  from 
observations  made  at  distant  stations ;  which,  for  the  greatest  accu- 
racy, ought  to  be  so  situated,  that  the  line  joining  them  may  cut 
the  path  of  the  meteor  at  right  angles ;  and  that,  at  its  greatest  ele* 
vation,  it  may  appear  from  both  of  them  about  45  degrees  above 
the  horizon,  on  opposite  sides  of  the  zenith.    Dr.  B.  laments  that 
most  of  the  observations  in  hu  possession  of  the  meteor  of  August 
18,  give  its  altitude  by  estimation  only ;  yet  their  correspondence 
with  each  other  may  gain  them  a  degree  of  credit^  to  which,  if 
siDgle,  they  would  not  be  entitled.     Dr.  B«  here  relates  eight  or 
nine  accounts  of  the  height  and  motion  of  this  meteor,  from  which 
he  calculates  its  perpendicular  height  above  the  earth's  surface  in 
most  of  these  instances,  and  finds  they  run  from  S^  to  60  miles  in 
height.     And  further  observes,  this  agreement  of  the  different  alti- 
tudes is  nearer  than  could  be  ex|)ected;  and  therefore  we  may 
safely  conclude,  that  it  must  have  been  more  than  50  miles  above 
the  surface  of  the  earth,  in  a  region  where  the  air  is  at  least  30,000 
times  rarer  than  here  below. 

S  6»  That  a  report  was  heard  some  time  after  the  meteor  of  the 
18th  of  August  had  disappeared,  is  a  fact  which  rests  on  the  testu 
mony  of  too  many  witnesses  to  be  controverted,  and  is  conformable 
to  what  has  been  observed  in  most  other  instances.  In  general  it 
was  compared  to  the  falling  of  some  heavy  body  in  a  room  above 
stairs,  or  to  the  discharge  of  one  or  more  large  cannon  at  a  distance. 
That  ratlKng  noise,  like  a  volley  of  small  arms,  which  has  beeii 
remarked  after  other  meteors,  does  not  seem  to  have  been  heard  on 
this  occasion*     From  a  comparison  of  the  different  accounts,  it 
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appears  at  if  the  report  was  loadest  in  Lincolnshire  and  the  adjaeeit 
countries,  and  again  in  the  eastern  parts  of  Kent ;  in  the  internsediita 
places  it  was  so  indistinct  as  generally  not  to  have  been  noticed,  aad 
all  observers  of  credit  in  Scotland  deny  that  they  heard  any  thnigof 
the  sort.  If  this  report  then  be  connected  with  the  bursting  of  the 
meteor,  it  would  seem  as  if  that  sound  was  produced  two  separate 
times  namely  at  the  6r<it  explosion  over  Lincolnshire,  and  agaia 
when  it  seemed  to  burst  soon  aAer  entering  tiic  continent.  logs* 
nious  men  have  availed  themselves  of  this  sound,  to  calculate  the 
distance  and  height  of  meteors ;  and  the  exactness  attained  by  tfab 
method,  in  the  computation  of  the  late  fire-ball,  from  the  report 
heard  at  Windsor,  is  very  remarkable  j  but,  in  general,  the  accouols 
disagreed  so  much,  that  it  would  have  been  impossible  to  coudoda 
any  thing  from  them.  Besides  the  report  as  of  explosions  whidi 
was  heard  after  the  meteor,  another  sort  of  sound  was  aaid  to  attend 
it,  more  doubtful  in  its  nature,  and  less  established  by  evidence; 
▼ia.  a  kind  of  hissing,  whiziing,  or  crackling,  as  it  passed  aloaf. 
That  sound  should  be  conveyed  to  us  in  an  instant  from  a  bodj 
above  50  miles  distant,  appears  so  irreconcilable  to  all  we  know  o(f 
philosophy,  that  perhaps  we  should  be  jnstified  in  imputing  tkn 
whole  to  an  affrighted  imagination,  or  an  illusion  produced  by  tka 
fancied  analogy  of  fireworks.  The  testimony  in  support  of  it  i^ 
however,  so  considerable,  on  the  occasion  of  this  as  well  as  fomner 
meteors,  that  Dr.  B.  cannot  venture  to  reject  it,  however  improbable 
it  may  be  thought,  but  leaves  it  as  a  point  to  be  cleared  op  by  fii* 
ture  observers. 

§  7.  To  determine  the  bulk  of  the  fire-ball,  we  must  not  onlj 
have  calculated  its  distance,  but  also  know  the  angle  under  which  it 
appeared.  For  this  purpose  the  moon  is  the  usual  term  of  coufe 
parisoo ;  but  as  it  was  thought,  at  very  different  distances,  to  pro* 
sent  a  disc  equal  to  that  luminary's,  and  the  same  expressions  have 
been  applied  to  most  preceding  fire-balls,  Dr.  B.  conceives  this 
estimation  rather  to  be  a  general  effect  of  the  strong  impresidoB 
produced  by  such  splendid  objects  on  the  mind,  than  to  convey  any 
determinate  idea  of  their  size.  However,  if  we  suppose  Its  trana. 
verse  diameter  to  have  subtended  an  angle  of  30  minutes  when  it 
passed  over  the  zenith,  which  probably  is  not  very  wide  of  the 
truth,  and  that  it  was  50  miles  high,  it  must  have  been  almost  half 
a  mile  across.    The  tail  sometimes  appeared  ten  or  twelve  times 
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hmget  than  the  body;  bat  most  of  thb  was  train,  and  the  real 
elongation  behind  seems  seldom  to  have  exceeded  twiee  or  thrice  its 
tmnsverse  diameter ;  consequently,  was  between  one  and  two  miles 
long.  Now  if  the  cubical  contents  be  considered,  for  it  appeared 
equally  round  and  full  in  all  directions,  such  an  enormous  mass^ 
moving  with  extreme  velocity,  affords  just  matter  of  astonishment. 

^  8.  The  duration  of  the  meteor  is  very  differently  stated  ;  partly 
because  ionM  observers  had  it  in  view  a  much  longer  time  than 
others;  and  partly  because  they  formed  different  judgments  of  the 
time.  Those  who  saw  least  of  it  seem  to  have  perceived  its  ilJumi* 
natieo  about  ten  seconds^  and  those  who  saw  most  of  it,  about  a 
minnte  :*  hence  the  various  accounts  may  in  some  measure  be  recon* 
ciled»  Mr.  Hertchel,  P.R.S.  at  Windsor,  must  have  kept  it  in  sight 
long  after  other  observers  had  thought  it  extinct :  for  though  pro» 
bably  be  did  not  see  the  beginning,  as  it  never  appeared  to  him 
like  a  single  ball,  he  watched  it  as  much  as  <'  40  or  45  seconds,  the 
last  aO  or  2J  of  which  it  leoMuned  almost  in  one  situation,  within  a 
few  degreei  of  the  horieon.*'  This  confirms  the  foieign  accounts  of 
its  kwg  progress  to  the  southward. 

I  9.  From  the  apparent  motion  of  tlie  meteor,  compared  with  its 
hriflht,  snmr  rompiitntifrn  may  be  formed  of  its  astonishing  velocity. 
At  at  the  height  of  50  miles  above  the  surfiace  of  the  earth,  it  might 
be  visible  from  the  same  station  for  a  tract  of  more  than  1200  miles^ 
and  the  longest  contiuuance  of  its  illumination  scarcely  exceeded  a  / 
annute,  we  liave  hence  some  presumption  that  it  moved  not  less 
than  90  miles  in  a  second.    The  Rev.  Mr.  Watson,  in  his  letter  to 
Loid  Mulgrave,  says,  that  the  arc  described  by  it,  while  in  bis  view, 
cooM  not  be  less  than  JO  or  80  degrees,  and  yet  the  time  could 
■ot  exceed  four  seconds,  or  five  at  most :  this,  with  an  altitude  of 
60  degrees  and  height  of  50  miles,  gives  for  its  velocity  about  21 
milet  in  a  second.    The  observer  at  Newton  Ardes  estimated  its 
motioo  to  be  SO  miles  in  a  second.     Mr.  Herschel  found  it  describe 
an  arch  of  l67  degrees  during  the  40  or  45  seconds  he  observed  it» 
which  gives  a  velocity  of  more  than  SO  miles  in  a  second,     finally, 
llr«  Aubert,  F.R.S.  thought  it  described  an  arch  of  136  degrees  of 
niinuith  in  ten  or  twelve  seconds,  which  would  make  its  velocity 
above  40  miles  in  a  second.    Dr.  B.  is  sensible  of  the  objections 
that  may  be  made  to  all  these  computations ;  undoubtedly  they  art 
too  vague;  and  yet,  all  taken  together,  perhaps  they  may  have 
VOL.  IV.  ^  o 
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some  weight ;  cspedally  as  they  oorreipood  so  well  with  the  dificftirt 
pbsDomeoa  of  the  meteoi^s  duntion,  and  other  fire-baftit  have  been 
computed  to  move  as  fast.  Stating  the  velocity  at  the  lowest  conpi- 
tation  of  20  miles  a  second,  it  exceeds  that  of  sound  above  gO  timc% 
and  begins  to  approach  toward  that  of  the  earth  in  her  aomial  orbit* 
At  such  a  rate,  it  must  have  passed  over  the  whole  island  of  Great 
Britain  in  less  than  half  a  niinntCi  and  might  have  reached  Rosie 
within  a  minute  afterwards,  or  in  seven  minutes  have  traversed  the 
whole  diameter  of  the  earth !  From  thb  calculation  it  will  be  evi. 
dent,  that  there  is  little  chance  of  determining  the  velocity  of  mttm 
tcors  firoin  the  times  of  their  passing  the  zenith  of  different  places; 
and  that,  therefore,  we  must  principally  depend  on  observing  care- 
fully, with  a  watch  that  shews  seconds,  their  apparent  velocity 
through  the  heavens. 

The  fire-ball  which  appeared  October  4th,  at  43  minutes  past  sis 

in  the  evening,  was  mnch  smaller  than  that  already  described^  and 

of  much  shorter  duration.     It  was  first  perceived  to  Ihe  northward 

as  a  stream  of  fire,  like  the  common  shooting  stars,  but  large ;  aMl 

having  proceeded  some  way  under  this  form,  it  toddealy  bnat 

out  into  that  intensely  bright  bluish  light  which  is  peculiar  to  sach 

meteors.    At  this  period  Dr.  B.  saw  it,  and  could  coaspare  the 

colour  to  nothing  so  well  as  to  the  blue  lights  of  India,  and  mmt 

of  the  largest  electrical  sparks.    The  illumination  was  very  great ; 

an<l  on  that  part  of  its  course  where  it  had  been  so  bright,  a  dusky 

red  streak  or  train  was  left,  which  remained  visible  perhaps  a  minuley 

even  with  a  candle  in  the  room,  and  was  thought  by  some  gradually 

to  change  its  form.    Except  this  train,  he  thought  the  meteor  had 

no  tail,  but  was  nearly  of  a  round  body,  or  perhaps  a  little  elliptical* 

After  moving  not  less  than  ten  degrees  in  this  bright  state,  if  became 

suddenly  extinct,  without  any  appearance  of  bursting  or  explosioiu 

This  meteor  was  seen  for  so  short  a  way,  that  it  was  scarcely  pos« 

sible  to  determine  the  direction  of  its  course  with  accuracy;  but  aa 

ill  proceeding  to  the  eastward  it  very  perceptibly  inclined  towarda 

the  horizon,  it  certainly  moved  somewhere  from  the  north*wc8tward 

to  the  south-eastward.    Its  duration  was  so  short,  that  many  periOM 

thought  it  passed  in  an  opposite  direction ;  for  his  own  part,  h# 

found  himself  absolutely  unable  to  determine  whether  the  motioa 

was  from  or  toward  the  south-east.  Some  spectaton  were  of  opinion, 

|hat  it  changed  its  course  the  moment  it  became  bright^  proceeding 
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■»  bttRtr  ■  f be  mm  ttfaight  line ;  but  Iib  fafeniuiticNi  wis  not 
9«ficieol  to  detenninc  this  qntstion.  From  bu  ow n^  and  another 
obeermtioB,  Dr.  B.  calcvlatet  that  the  height  of  the  meteor  above 
tbc  amiaoe  of  tbe  earth,  after  all  proper  allowancet  are  made,  mwt 
bmvtt  been  between  40  and  50  milet. 

As  there  was  no  appearance  of  bnrstinf  at  the  extinction  of  this 
6re.bally  to  no  report  was  heard  afler  it ;  nor  did  any  sound  attend 
It  Some  observers  thought  this  meteor  also  near  as  large  as  tbe 
iMooa;  but  to  Dn  B«  it  did  not  appear  above  one  quarter  of  her 
diameter,  which  would  make  Its  breadth  somewhat  above  a  furlong* 
If  tiie  whole  of  the  meteor's  track  be  tndudedj  it  seems  to  have 
lasted  as  much  as  three  seconds,  but  In  the  bright  state  its  duration 
vras  less  than  two ;  he  thinks  not  much  above  one.  Supposing  it 
described  an  arc  of  14  degrees  in  a  second  and  a  half,  or.  according 
Iw  Mr.  AttlMrt's  observation,  of  25  degrees  in  three  seconds,  its  real 
vdocily  was  about  twelve  miles  a  second. 

Such  meteors  as  these,  which  pass  like  a  flash  of  lightning,  and 
dcaeribe  so  siKMrt  a  course,  are  very  unfiivonrable  for  calcolatiog  the 
velocity}  but  afcrd  great  advantages  for  determining  the  height,  as 
dbey  muat  lie  seen  nearly  at  the  same  moment  and  in  the  same  place 
by  tbe  diftreot  observers.  Other  instances  are  found  of  fireballs 
beginning  with  a  dull  red  light,  like  a  felling  star;  particularly  the 
great  one  of  March  19>  I7l9>  treated  of  so  fully  by  Dr.  Halley 
awl  Mr.  Wbiston  ^  ft  is  remarkable,  that  a  similar  meteor  had 
appealed  tbe  same  day,  that  is,  Saturday  tbe  4th  of  October,  about 
three  in  tlie  morning,  though,  on  account  of  the  early  hour,  it  was 
seen  by  fewer  spectators.  They  represent  it  as  rismg  from  the 
Borthward  to  a  small  altitude,  and  then  becoming  stationary  with 
•  vibratory  motion,  and  an  illumination  like  day.liglit ;  it  vanished 
in  •  few  moments,  leaving  a  train  behmd.  This  sorf  of  tremulous 
■ppiwranrr  has  been  noticed  in  other  meteors ;  as  well  as  their  com 
timmig  stationary  for  some  time,  either  before  they  began  to  shoot 
Ibrward,  or  after  their  couiae  was  ended. 

I  find  it  Impossible  to  quit  this  subject,  says  Dr.  B.  without  some 
lefleetiotts  about  the  cause,  that  can  be  capable  of  produdng  such 
appearances  at  an  elevation  above  the  earth ;  where,  if  the  atmo» 
aphere  cannot  absolutely  be  said  to  have  cea<(ed,  it  is  certainly  to  bf 

r  ■         ■        ■  «i 1     rinmj 

•  AecoQot  of  a  surprising  mrteor  feea  March  19,  lil9.^*^4Mg. 
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conndered  at  neit  to  nothing.  The  fint  idea  whicli  rnggntad  it* 
sdf,  tliat  they  were  burning  bodies  projected  with  such  a  velocitTp 
was  quickly  abandoned,  from  the  want  of  any  known  power  to  laiK 
Ihem  up  to  that  great  height ;  or,  if  there,  to  gi? e  them  the  reqnired 
impetus ;  and  the  ingenuity  of  Dr.  HaHey  soon  furnished  him  witli 
another  hypothesis,  in  which  he  thought  both  these  difficullies- ob- 
viated. He  supposes  jhere  b  no  projection  of  a  single  body  in  the 
case ;  but  that  a  train  of  combustible  vapours^  accumulated  in  those 
lofty  regions,  is  suddenly  set  on  fire,  whence  all  the  phsenomena  ate 
produced  by  the  successive  inflammation.  But  Dr.  Hailey  gitet 
BO  just  eiplanation  of  the  nature  of  these  Ta|M>urs ;  nor  of  the  »wb- 
ner  in  which  they  can  be  raised  up  through  air  so  extremely  rate; 
nor,  supposing  them  so  raised,  does  he  account  for  their  regular 
arrangement  in  a  straight  aud  equable  line  of  such  prod^iious 
extent,  or  for  their  continuing  to  burn  in  such  highly  rarefied  air. 
Indeed,  it  is  very  difficult  to  conceive  how  vapours  could  be  pie* 
vented,  in  those  regions  where  there  is,  in  a  manner,  no  pieanre, 
from  spreading  onl  on  all  sides  in  consequence  of  their  natural  efais- 
licity,  aud  instantly  losing  that  degree  of  density  which  seems  ncccs- 
s»ry  for  inflammation.  Besides^  it  is  to  be  expected,  that  sneh 
trains  would  sometimes  take  fire  in  the  middle,  and  so  pieaent  the 
phenomenon  of  two  meteors  at  the  same  time,  receding  iron  each 
Atlier  in  a  direct  line. 

Tliesc  difliculties  have  induced  other  pliilosopheFS  to  relinqnidi 
Dr.  HaUey*s  hypothesis;  and  propose,  instead  of  it,  one  of  a  very 
opposite  nature;  that  meteors  are  permanent  solid  bodies,  not  raised 
up  from  the  earth,  but  revolving  round  it  in  very  eccentric  orbits  - 
or,  ui  other  words,  that  they  are  terrestrial  comets.  The  objections 
to  this  opinion,  however,  seem  equally  great.  Most  observers  de. 
scribe  the  meteors,  not  as  looking  like  solid  bodies,  but  rather  like  a 
fine  luminous  matter,  perpetually  changing  its  shape  and  appearance* 
Of  this,  many  defenders  of  the  opinion  are  so  sensible,  that  they 
suppose  the  revolving  body  gels  a  coat  or  atmosphere  of  electricity, 
by  means  of  which  it  becomes  luminous ;  but  whoever  caiefolly 
fieruses  the  various  accounts  of  fire>balls,  and  especially  ours  of  the 
18th  of  August  when  it  divided,  will  perceive  tliat  their  phsuomena 
do  not  correspond  with  the  idea  of  a  solid  nucleus  enveloped  in  a 
subtle  fluid ;  any  more  than  with  the  conjecture  of  another  learned 
gentletDaui  that  they  become  luminous  by  means  of  a  contained 


vtBir  VXTB0BS4  4JS 

floM,  Mhich  oecasioimlly  #iplodei  through  the  thiok  tolid  ooter 
•belL 

A  ttroBg  objectieii  to  tbb  hypothesis  of  permanent  Kvolvmg 
iMKlies,  b  derived  from  the  great  number  of  them  there  must  be  to 
answer  all  the  appearances.  Such  a  regular  gradation  is  observed 
from  those  large  meteors  which  strike  all  beholders  with  astonislu 
ment,  and  occur  but  rarely;  down  to  the  minute  fires  called  shootmg 
staiVy  which  are  seen  without  being  regarded  in  great  numbers  every 
dear  nigbt;  that  it  seems  impossible  to  draw  any  line  of  dbtioctioa 
between  them,  or  deny  that  they  are  all  of  the  same  nature.  Bui 
such  a  crowd  of  revolving  bodies  could  scarcely  fail  to  announce 
their  existence  by  some  other  means  than  merely  a  luminous  train 
m  the  night ;  as^  for  instance,  by  meeting  or  justling  sometimes  near 
the  earthy  or  by  falling  to  the  earth  in  consequence  of  various  acci* 
dents ;  at  least  we  might  expect  they  would  be  seen  in  the  day.time, 
either  with  the  naked  eye,  or  by  telescopes*  by  some  of  the  nume. 
louB  obsenrers  who  are  constantly  examining  the  heavens, 

Amither  argument  of  great  weight,  against  the  hypothesis  that 
fire*baUs  are  terrestrial  comets,  is  taken  from  theur  great  velocity, 
A  body  lallhig  from  mfinite  space  toward  the  earth,  would  have 
aoquured  a  velocity  of  no  more  than  seven  miles  a  secondj  when  k 
cune  withm  50  miles  of  tlie  earth's  surface ;  whereas  these  meteors 
seem  to  move  at  least  three  times  faster.  And  this  objection,  if 
there  be  no  mistake  in  regard  to  the  velocity  of  the  meteor,  as  I 
tbiok  there  is  not,  absolutely  oversets  the  whole  hypothesis. 

What  then  can  these  meteors  bel  The  only  agent  in  nature 
with  which  we  are  acquainted,  that  seems  capable  of  producing  such 
phamomena,  b  electricity  \    I  do  not  mean  that  by  what  is  already 


.  *  Since  tlie  above  was  wriUrn,  other  ways  of  accoanting  for  these  meteors 
have  been  discovered  and  such  indeed  as,  agreeing  very  well  with  all  the  ph«. 
aomena,  seem  to  be  probable,  or  at  least  possible,  solotlons;  which  Is  (mr  mare 
Han  can  be  laid  of  the  notion  firom  eleetricity  t  a  notion  that  haidly  agrees 
with  any  one  of  the  namerons  eitraordinary  cireunstaacei  attending  these 
aeleoni  which  have  been  observed  in  many  instances  to  be  the  bame  as  the 
•toDj  masses  that  have  often  fallen  through  the  atmosphere  on  various  parts  of 
Che  earth.  For  a  particular  account  of  such  phenomena,  see  Mtitoric  Stonu^ 
flection  viii.,  of  the  present  chapter.  It  is  remarkable  of  the  present  hu-ge 
meteor^  that  Its  calculated  velocity  is  nearly  equal  to  that  of  the  earth  In  Its 
aaaml  motioa  in  the  opposite  direction* 

203 


454  VXS»T  IIBTIOBJ. 

kaown  of  that  flaidf  ill  tin  difficidtiM  iclalive  to  Mtteon  cai  kt 
solved ;  as  tbe  laws^  by  which  its  motiom  oa  a  large  scale  are  rtgai 
lited  in  thote  regions  so  nearly  eropt}*  of  air^  can  scarcely.  I  imagiae, 
be  investigated  in  our  small  experiaients  wilb  esbausted  vessels; 
but  only  that  several  of  tiie  facts  |K)inl  ont  a  near  conneaiou  aad 
analogy  with  electricity,  and  that  none  of  them  are  irrecoacilable 
to  the  discovered  laws  of  that  fluid. 

1.  Electricity  moves  with  such  a  prodigious  velocity,  aa  to  eladt 
all  the  attempts  hitherto  made  by  philosophers  to  detect  it ;  bat  tha 
swiftness  of  meteors,  stating  it  at  twenty  miles  a  second^  is  such  as 
so  experiments  yet  contrived  could  have  discovered,  and  wUch 
seems  to  belong  to  electricity  ak>ne«  This  is.  perfaapsj  the  only  case 
ia  which  the  course  or  direction  of  that  fluid  is  rfoderrd  perceptibie 
to  our  senses,  in  consequence  of  the  large  scale  oa  wluch  tbcaa  fiia- 
balls  move. 

a.  Various  electrical  phssnomena  have  been  seen  attendiBg  bh. 
teors.  Lambent  flaoMs  are  described  as  settlmg  on  men.  boiac% 
and  other  objects ;  and  sparks  coming  from  tbeas,  or  tba  wbak 
meteor  itself,  it  is  said,  have  damaged  ships,  houses,  Ac  in  tba 
maimer  of  lightning.  These  ficts,  I  must  own.  are  but  obaeuialy 
related,  yet  still  they  do  not  seem  to  be  destitute  of  fouadatioa.  If 
there  be  really  any  hissing  noise  lieard  while  meteors  are  passing,  it 
seems  explicable  on  no  other  supposition  than  that  tif  streams  of 
electric  matter  issuing  from  tliem,  and  reaching  llie  earth  with  a 
velocity  equal  to  that  of  the  nictcor,  namely,  in  two  or  three 
seconds.  Accordingly,  in  one  of  our  late  meteors,  the  hissioj(  was 
compared  to*  that  of  electricity  issuing  from  a  conductor.  The 
spark  flying  off  so  perpetually  from  the  body  of  Are  balls,  may  pos. 
sibly  have  some  connection  with  these  streams.  In  the  snme  nsanaer 
the  sound  of  explosion  may  be  brought  to  us  quicker,  than  if  it  weia 
propagated  through  the  whole  distance  by  air  alone.  Should  these 
ideas  be  well.founded.  the  change  of  direction  which  meteors  seem 
at  times  to  undergo,  may  possibly  be  influenced  by  the  ^tate  of  the 
surface  of  the  earth  over  which  they  are  passing,  and  to  which  the 
streams  are  supposed  to  reach.  A  similar  cause  may  occasion  the 
ap|>areiit  explosion^  the  opening  of  more  channels  giviug  new  vent 
and  motion  to  the  electric  fluid.  May  not  tlie  deviatioa  and  ax* 
plosion  which  appear  to  have  taken  place  in  the  tire-ball  of  the  IStli 
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of  Angast  over  Unoplmbire,  have  been  deterauncd  by  ittappfoadi 
towardt  tbe  fcii8»  and  ao  attractioo  produced  by  that  large  body  of 
moistane  f 

3.  A  further  vgunent  for  the  electric  origin  of  aieteort  n  deduced 
from  their  connection  with  the  northern  lightti  and  the  reiemblanct 
they  bear  to  these  electrical  ph«uioniena»  af  they  are  now  aloMM^ 
nniversally  allowed  to  be,  in  several  particulars.  Instances  are  r^ 
corded,  where  northern  lights  have  been  seen  to  join  and  foraa 
luminous  balls,  darting  about  with  great  velocity,  and  even  kavqg 
a  train  behind  like  the  common  fire.balls.  This  tram  I  take  to  bt 
nothing  but  the  rare  air  left  in  such  a  highly  electrified  state  as  to 
be  lummous ;  and  some  streams  of  the  northern  lights  are  very 
fliiidi  like  it.  Tbe  aurora  borealis  appears  to  occupy  as  high,  if  not 
a  h%her»  region  above  the  soriace  of  the  earth ;  as  may  be  judged 
Arom  the  very  distant  countries  to  which  it  has  been  visible  at  the 
same  time;  indeed,  the  great  accumulation  of  electric  matter  seems 
to  lie  beyond  the  verge  of  our  atmosphere,  as  estimated  by  the  oes. 
•alioo  of  twilight.  Abo  with  the  northern  lights  a  hissing  noise  is 
said  to  be  beard  in  some  very  cold  climates;  GmeUn  speaks  of  it 
ii  tbe  most  pomted  terms,  as  frequent  and  very  loud  in  the  north* 
eaitim  parts  of  Siberia ;  and  other  travellers  have  related  simflar 
Acts. 

But;  m  my  opinion,  the  most  remarkable  analogy  of  all,  and  that 
which  tends  most  to  elucidate  the  origin  of  these  meteors,  is  the 
direction  of  their  course ;  which  seems,  iu  the  very  large  ones,  at 
least,  to  be  constantly  from  or  toward  the  north  or  north-west  qoar* 
ter  of  tbe  heavens,  and  uideed  to  approach  very  neariy  to  the  pro* 
sent  magnetical  meridian.  This  is  particularly  observable  in  those 
metoors  of  faUe  years  whose  tracks  have  been  ascertained  with  most 
exactness ;  as  that  of  November  $6,  1768,  described  bj  Sir  John 
Pringle ;  that  of  July  17, 177 1  f  treated  of  by  M.  Le  Roy ;  and  this 
of  the  18th  of  last  August.  The  largest  proportion  of  the  other 
accounts  of  meteors  confirm  the  same  observation,  even  those  of  a 
more  early  period ;  nay,  I  think,  some  traces  of  it  are  perceivable  in 
tbe  writings  of  the  ancients.  Whether  their  motion  shall  be  from 
the  northern  quarter  of  the  heavens  or  towards  it,  seems  nearly  ia. 
ditknnt,  as  the  numbers  of  those  going  each  way  are  not  very  un- 
equal ;  I  consider  them  in  tbe  former  case  as  masses  of  the  electric 
fluid  repelled  or  bursting  from  the  great  collected  body  of  it  in  the 
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north  ;  and  in  tlic  fatter  case,  as  masiet  attracted  to  that  ^imiofah' 
tion;  a  distinction .  probahly  much  the  same  in  cftct,  as  that  of 
positive  and  negatife  dectiicity  near  the  surface  of  the  earth. 

This  tendency  toward  the  magnetic  meridnn,  however,  teems  to 
hold  good  only  with  regard  to  the  fargest  sort  of  fire.balb ;  the 
amaller  ones  move  more  faregolarly;  perlmps  because  they  become 
fkrther  within  the  verge  of  oar  atmosphere*  and  are  thus  more 
exposed  to  the  action  of  extraneous  causes.  Tliat  the  smaller  sort 
of  meteors,  such  as  shooting  stars,  are  really  lower  down  in  the  at. 
Biosphere,  is  rendered  very  probable  by  their  swifter  appateut  mo- 
tion ;  perhaps  it  is  this  very  circumstance  which  occasions  them  to 
be  smaller,  the  electric  fluid  being  more  divided  in  more  reiistiiijg 
air.  But  as  those  masses  of  electricity,  which  move  where  there  is 
scarcely  any  resistance,  so  generally  aflect  the  direction  of  tbe 
netic  meridian,  the  ideas  which  have  l>een  entertained  of  iiome 
logy  between  these  obscure  powers  of  nature,  seem  not  altogether 
without  foundation. 

If  the  foregoing  conjectures  l>e  just,  distinct  regions  are  allotted 
to  the  electrical  phasnomena  of  our  atmosphere.  Here  below,  we 
have  thunder  and  lightning,  from  the  unequal  distribution  of  the 
electric  fluid  among  the  clouds ;  in  the  loftier  regions,  whither  the 
clouds  never  reach,  we  have  the  various  gradations  of  falling  stars ; 
till,  beyond  the  limits  of  our  crepuscular  atmosphere,  tbe  fluid  is  put 
into  motion  in  suflicient  masses  to  hold  a  determiued  course,  and 
exhibit  tbe  difierent  appearances  of  wlmt  we  call  iire.balU ;  and 
probably  at  a  still  greater  elevation  above  the  earth,  tbe  electricity 
accumulates  in  a  lighter  less  condensed  form,  to  produce  the  woo. 
derfuUy  diversified  streams  and  corruscations  of  the  aurora  borealis. 

IPhil.  Trans.  Jbr,  vol.  xv.  jfcar  1784* 
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SBCTION  VII. 

FfVrjf  Meteors  J  with  Balls  that  have  descended  to  the  Earth*. 


1.  Account  of  a  fiery  Meteor  seen^  at  Jamaica^  to  strike  into 

the  Earth. 

By  Mr.  Henry  BfttbaB,  P.E.8. 

Abotjt  the  year  1700,  as  I  was  riding  one  morning  abont  three 
milct  north-west  from  St.  Jago  de  la  Vega»  I  saw  a  ball  of  fire^ 
qipcaring  to  me  of  the  size  of  a  bomb-shell,  swiftly  falling  down 
with  a  great  blaze.  When  I  arrived  where  it  fell»  I  found  the  peo- 
ple wondering  at  the  ground  being  broken  in  by  a  ball  of  fire^ 
which  they  said  fell  down  there.  I  observed  there  were  many  holes 
in  the  ground  ;  one  in  the  middle,  of  the  size  of  a  man's  head,  and 
five  or  six  smaller  holes  round  about  it,  of  the  size  of  a  man's  fiat; 
aod  so  deep,  especially  the  largest,  as  not  to  be  fathomed  by  what 
long  sticks  they  had  at  hand.  It  was  observed,  that  the  green  grass 
was  perfectly  burnt  near  the  holes,  and  a  strong  smell  of  sulphur 
remained  thereabouts  for  a  good  while  after. 

We  had  a  very  rainy  night  before,  with  much  lightning  and  thnn- 
der»  which  is  frequent  in  Jamaica,  often  killing  cattle  in  the  fields* 
These  claps  are  much  louder  and  stronger  than  any  in  Europe^  and 
our  showers  of  rain  are  also  more  violent.  We  have  lightning  all 
the  year  round ;  but  our  great  rains  are  in  the  months  of  May, 
August,  and  October. 

Our  island  is  full  of  mines,  and,  I  question  not,  very  rich.  It  is 
very  subject  to  earthquakes;  several  happening  every  year,  especially 
after  great  rains,  which  fill  up  all  the  great  cracks  in  the  surface  of 
the  earth :  for  in  a  very  dry  time,  they  are  so  very  large,  deep,  and 
gaping  so  open  and  wide,  that  it  is  dangerous  to  ride  over  Nome  parts 
of  the  Savannas,  for  fear  a  horse  should  get  his  legs  into  them. 
Our  earthquakes  make  a  noise  or  rumbling  in  the  earth,  before  we 
feel  the  shake ;  and  seem  to  run  swiftly  to  the  westward. 

IPhil.  Trans.  \T\S. 

*  See  for  other  im taocet,  chap.  zliH.  tect.  iv. 
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2»  Ball  of  Sulphur  supposed  to  he  generated  in  the  Air^ 

By  Mr.  Bei^min  Cooke,  FJR.S. 

The  great  beats  we  have  lately  suficied  were  ushered  hi  bj  a 
ytry  gloomy  night,  of  almost  coDtmual  lightning,  accompanied  with 
very  loud  claps  of  thunder;  which,  as  usual,  were  towards  the  mom* 
ing  followed  by  very  heavy  showers  of  rain.  Early  next  day,  in  a 
meadow  near  the  sea-shore,  far  from  any  house,  and  where  it  has 
not  been  known  that  any  improvement  has  been  carried  on,  a  hus- 
bandman found  a  beautiful  yellow  ball  lymg  on  the  turf.  It  proved 
to  be  of  sulphur,  of  which  it  smelt  uncommonly  strong.  It  wis 
frosted,  as  it  were,  all  over  with  an  efflorescence  of  fine,  sbhm^ 
yellowish  crystab,  which  soon  fell  off  with  the  lightest  toucb. 

It  has  on  one  nde  a  deep  hole,  admitting  the  end  of  a  middle* 
ffied  knitting-needle ;  and  on  the  opposite  side  a  deep  deptesrion* 
which  would  induce  one  almost  to  think  its  form  had  beeo  at  lint 
nearly  spheroidal,  formed  by  a  revolution  round  a  supposed  sak 
connecting  those  two  parts.  It  has  several  other  lioh»  scattered 
irregularly  up  and  down  its  whole  surface,  some  fit  to  admit  a  liog's 
bristle,  others  a  hau: ;  as  if  it  had  been  made  of  a  fine  powder,  and 
some  liquid,  and  after  mixing  had  suffered  some  fermentation ;  but 
those  parts  of  it  which  are  solid,  seem  more  compact  than  those  of 
the  common  roll  brimstone  of  the  shops,  and  the  powder  of  it  bums 
with  a  whiter  flame,  and  less  acid  fumes.  Its  longest  diameter  is 
between  eight  and  nine,  and  its  shortest  betwixt  six  and  seven  tenths 
of  an  inch  ;  its  weight  is  108  grains. 

We  find  frequent  mention,  in  the  description  of  thunder-storms 
in  hot  climates,  that  there  falls  often  a  flaming  bituminous  matter 
to  the  ground,  which  sometimes  bums  not  to  be  soon  extinguished; 
but  more  frequently  spatters  into  an  infinite  number  of  fiery  sparks^ 
doing  great  damage  where  they  strike,  always  attended  with  a  sul- 
phurous suffocating  smell,  commonly  compared  to  that  of  gun* 
powder. 

Wliethea  thb  sulphurous  ball  was  intended  for  one  of  these,  but 
by  some  accident  missed  firings  it  is  now  time  to  consider.  Had  it 
been  formed  in  the  earth,  how  should  it  get  to  the  surface,  without 
losing  that  most  elegant  frosty  covering  of  fine  shining  crystals,  and 
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not  m  lb«  kait  iullied,  or  iu  potts  filled  with  etrth,  or 
odMf  tcrretlrml  natter  t  on  tbc  cooUriry,  not  tiM  leatt  adhesion  of 
any  thing  of  that  kind  can  be  observed  t  besides,  brimstone  made 
the  ordinary  way  seems  to  have  a  diflferent  texture  of  its  internal 
partly  from  this  ball.  From  these  observations  Mr.  Cooke  concludes 
it  nol  formed  in  the  earth. 

[Id.  1738. 

S.  Fire-ball  accompanied  with  a  shower  of  Siones  from  the 

Atmo9f)here» 

&  BioTf  member  of  the  National  Institute,  in  a  letter  to  the 
French  Minbter  of  the  Interior,  dated  July  90,  1813,  gives  a 
detailed  account  of  his  inquiries,  4c.  respecting  a  ire-ball  which 
exploded  in  the  neighbonrhood  of  Laigle« 

Ob  Tnesday,  April  36,  181B,  about  one  in  the  afternoon,  the 
veather  belag  serene,  there  was  observed  from  Caen,  Pont  Ande« 
■Mr^  awd  the  environs  of  Al«'nfoo,  Falaise,  and  Veroenil,  a  fietj 
^bo  of  n  very  brilliant  splendour,  which  moved  in  the  atmosphere 
with  aeeat  rapidity. 

Some  moments  after  there  was  heard  at  Laigle,  and  in  the  envi. 
viron9  of  that  city,  in  the  extent  of  more  than  thirty  leagues  is 
every  direction,  a  violent  explosion,  whidi  lasted  ive  or  six 
minutes. 

At  first  there  were  three  or  four  reports  like  those  of  a  cannon, 
followed  by  a  kind  of  discharge  which  resembled  a  firing  of  mus. 
iMtrj ;  after  which  there  was  heard  a  dreadfnl  rumbling,  like  the 
beating  of  a  drum.  Tiie  air  was  calm  and  the  sky  serene,  except 
a  few  clonds,  snch  as  are  frequently  observed. 

The  noise  proceeded  from  a  small  cloud  which  had  a  rectangular 
form,  tlw  largest  side  being  in  a  direction  from  east  to  west.  It 
appeared  motionless  all  the  time  that  the  phenomenon  lasted.  But 
the  vaponr  of  which  it  was  composed  was  projected  momentarily 
from  the  different  sides  by  the  effect  of  the  successive  explosions. 
This  cloud  was  about  half  a  league  to  the  north. north-east  of  the 
town  of  Laigle ;  it  was  at  a  great  elevation  in  the  atmosphere,  for 
the  inhabitants  of  two  hamlets,  a  leagne  distant  from  each  other^ 
saw  it  at  the  same  tioM  above  their  iieads.  In  the  whole  canton 
over  which  this  dond  hoverad|  a  hissing  noise  like  that  of  a  stone 
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discharged  from  a  sling  was  hf  ard ;  and  a  nultitnde  ef 
inassos,  exactly  similar  to  those  distinguished  by  thetHuna  of  iMfs. 
oric  stones,  were  seen  to  fall  at  the  same  time. 

The  district,  in  which  the  stone  fell,  forms  an  elKptfcal  exteot  of 
about  two  leagues  and  a  half  in  length,  and  liearly  one  in  breadth ; 
the  greatest  dimension  being  in  a  direction  from  sooth-east  to  north* 
west,  forming  a  declination  of  about  22**.  This  direction  which  the 
meteor  must  have  followed  is  exactly  that  of  the  magnetic  meridian ; 
which  is  a  remarkable  result. 

The  largest  of  these  stones  fell  at  the  soutb.east  extremity  of  the 
large  axis  of  the  ellipse;  the  middle.sized  ones  fell  in  the  centre,  and 
the  smallest  at  the  other  extremity.  It  thereby  appears  tliat  the 
largest  fell  first,  as  might  naturally  be  supposed. 

The  largest  of  all  those  which  fell  weighs  17{  poandi.  The 
smallest  he  saw  weighed  about  two  gros,  which  is  the  thooaaodtb 
part  of  the  former.  Tlie  number  that  fell  is  certainly  above  tivoor 
three  thousand.  They  were  friable  some  days  after  their  fall,  and 
•melled  strongly  of  sulphur.  Their  present  hardness  waa  aequiiad 
gradually* 

[ATfcAo/fon'f  Jonmsil* 

SECTION  VIII. 

Observations  on  Fire  BalUm 

Bj  F.  C.  Falda. 

Notwithstauding  the  great  progress  which  the  sciences  baye  made 
in  the  present  century ;  and  though  our  knowledge  of  the  atmo« 
sphere  has,  in  particular,  been  much  enlarged  ;  we  are  still  far  from 
bemg  able  to  explain  all  its  phsenomena,  especially  those  of  the  lumi- 
nous kind,  in  a  manner  sufficiently  satisfactory  to  the  cautious  and 
reflecting  philosopher.  Though  many,  in  consequence  of  the  iou 
portant  discoveries  made  respecting  the  electricity  of  the  cloods» 
imagine  that  they  have  found  in  the  electric  fluid,  so  widely  diflfufedy 
a  certain  key  to  all  distant  phsenomena  of  a  ^imilar  kind ;  yet  the 
greater  part  of  them  as  mere  observations,  and  the  explanations 
given  of  them  as  mere  hypotheses,  must  be  leA  to  the  decision  of 
posterity.  It  would  be  useless,  and  perhaps  it  is  impossible,  to 
mention  all  these  phsenomena  in  any  certain  order;  but  the  most 
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ir  of  tbem  are  large  fire-balU  {bolides^  wbiefaj  on  account  of 
their  importance  in  natural  philosophy,  have  in  modem  times  ex. 
cited  universal  attention  *• 

Respecting  the  origin  and  nature  of  these  pbaenomena*  wliicb  are 
bat  sekloM  teent  and  always  surprise  us  as  it  were  aocideutaly,  we 
can  venture  conjectures  and  explanations  only  wbeu  we  have  com* 
pared  a  series  of  observations  carefully  made  with  the  circumstances 
by  which  they  were  attended,  and  have  then  deduced  from  them 
general  conclusion  >  f,  which  in  the  hands  of  the  mathematician  may 
conduct  with  the  greatest  certainly  to  a  knowledge  of  their  nature, 
and  of  the  causes  by  which  they  are  produced.  I  shall  endeavour, 
therefore,  to  present  the  reader  with  such  conclusions  drawn  from 
a  series  of  observations  made  in  regard  to  fire-balls,  not  with  thein- 
teation  of  giving  any  explanation  from  them  myself,  but  in  compii. 
aace  with  the  excellent  rule  laid  down  by  Le  Roy,  when  he  says, 
speaking  of  this  circumstance :  ^^Let  us  always  collect  ohseivations 
without  being  too  forward  to  deduce  consequences  from  them,  and 
to  explain  phaenomena  respecting  which  we  have  at  present  so  little 
knowledge  |." 


•  On  the  13th  of  Julj,  1797,  about  42  minutes  after  nine  in  (he  evening,  I 
liad  the  good  fortune,  when  in  company  with  several  of  my  friends,  to  see  a 
meteor  of  this  kind.  It  appeared  in  the  southern  part  of  the  horizon,  ut  the 
height  of  8  or  10  degrees ;  had  the  form  of  a  prrfect  globe  or  sphere  weUde« 
fined  at  the  edges,  almost  as  large  as  the  moon  when  ai  full,  and  proceeded  in 
the  space  of  scarcely  a  second,  while  its  course  was  only  marked  by  a  fine  white 
streak  of  light,  in  an  almost  perpendicular  di.'v-  uion  towards  our  horizon,  which 
was  confined  by  houses,  and  disappeared  behind  tbem.  Irs  colour  and  splen* 
door  near  the  middle  were  sometimes  of  a  dazzling  white.  The  heat  during 
the  day,  and  in  the  evening,  was  considerable*  The  thermometer  varied  from 
18  to  80  of  Reaumur,  and  between  the  hovi-s  of  four  and  five  in  the  afternoon 
theiv  had  been  a  storm  in  the  same  quarter  of  the  heavens.  At  the  surfince  of 
the  earth  there  was  a  perfect  calm,  and  in  the  evening  the  weather-cocks  shewed 
that  a  light  south-west  wind  prevailed  at  some  height  in  the  atmosphere.  At 
tlie  time  of  this  phenomenon  the  earth  was  overspread  by  a  pale  mist,  through 
whirli  no  stars  could  l>e  perceived,  and  which  the  following  night  became  a 
^ck  fog. 

f  J I  faodroit  etudier  avec  soin  les  rapports  de  ces  phinomenea  avec  lesautrei 
pk^nomines  atmosph^riques;  rechercher  Titat  da  del  avant  et  apr6s  leur  ap- 
parition, determiner  les  tems,  Irs  circonstances,  et  lienz,ou  ilssontles  pins  com- 
mons, savoir  pourquoi  ilssont  rares,  et  poorquoi  ils  arrivent.  Que  d* observations 
k  faire  1  Que  d'observateursi  occuper ! — Seniuhier* 

X  Merootrcs  de  T  Academic  des  Sciences,  1771. 
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Some  of  the  obterfitkNit  here  gnren,  at  well  m  the  cmkIi 
drawn  from  theni»  have  beeo  abeady  eafitoyad  by  I>r,  Chladoi^  lA 
a  particular  treatise  *,  to  explaio  theorigio  of  tlitf  nnn  of  iroo  foniid 
by  ProfcMor  Pallat  in  Siberia  t»  and  other  manes  of  tiie  like  kind  ; 
as  well  as  atones  which,  according  to  accounts  worthy  of  credit,  am 
said  to  have  fsllen  from  the  heavens,  and  therefore  more  ia  a  geoto* 
glcal  than  a  meteorological  view.  My  object  is  ^uile  diftrenf.  I 
propose,  notwithatandmgthe  difficulty  of  deteminkig  properly^  fton 
the  observations  made,  to  what  clau  of  luminoos  appearances  sudi 
plieiiomena  belong  |,  to  collect  together  those  aceonnts  which  have 
been  considered,  at  least  with  some  probability»  as  alluding  to  the 
same  kind ;  and  in  most  cases  just  as  they  were  given  by  the  •baeiw 
vers,  without  paying  attention  to  any  particular  mode  ofcrxpia* 
nation,  in  order  to  aisbt  those  whose  attention  is  oeo^picd  with  the 
origin  and  nature  of  these  bodies ;  to  examine  the  old  and  dcw  Iq^p** 
theses  formed  respecting  them,  or  to  support  futwe  oaes,  if  nacas* 
sary.    These  meteors  appear  then-^ 

1.  In  every  climate.  Of  fifty  observations  with  which  I  aaa  ac* 
quainted,  three  were  made  immediately  under  the  eqtmtor^i  tbvae 
in  a  southern  ||,  and  44  in  a  northern  latitude :  and  tins  dtspropottiesi 
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•  Ueber  den  Vnpmnf;  der  vod  Pallas  geftrndeneo  oad  andererihr  ahalichen 
Eis«n-Massf  n,  von  C.  F.  F.  Chladni.    Riga  1794. 

f  See  Philosophical  Mags^in^,  Vol.  II.  p.  1. 

f  Henry  Barham,  as  mentioned  in  the  Phflosophlcal  Transactions,  toI.  ua. 
p.  837,  saw  in  Jamaica,  in  the  year  1700,  a  tlaniing  are*bal!,  sf  the  site  of  ft- 
bomb,  descend  towards  the  ear(h ;  but  though  the  p'omid  was  doi;  ap  i 
the  place  where  it  seemed  to  fall,  nothing  could  be  perceived  except 
grass  and  a  sulphurous  smell.  A  violent  storm,  it  is  said,  had  taken  place  a 
little  before,  which  makes  it  highly  probable  that  this  phenomenon  was  nothiag^ 
else  than  lightning  ;  especially  as  Reimarus  relates,  that  llgtitning  has  been 
to  fall  upon  houses  and  conductors  in  a  globular  form,  and  that  a  saiphi 
smell  has  been  afterwards  perceived ;  See  Reimarut  vom  BUt%  Hamburg  17ei» 
p.  51,  155,  319.  An  observation  of  two  balls  proceeding  towards  each  other 
before  a  thunder  cloud,  made  by  Hartman,  in  July,  1758,  seems  to  be  of  (he 
like  kind*  See  Verwandschafl  der  ElekMsehen  Kraft  mit  den  Lufientkeimmgent 
Hanover  1759,  p.  237  ;  and  also  a  flash  of  lightning  mentioned  by  Reiaarus,  fK 
12.  Other  instances  of  the  two  phseoomena  being  confounded,  are  anticed  by 
Dr.  Cbladni,  in  his  work,  p.  2. 

^  Ulloa^s  Vojage  to  South  America.    Lend.  1760.  Vol.  i.  p.  S54,  and  t«l. 
ii.  p.  226. 

({  Journal  des  Observations  Physiques,  Mafhematiques,  et  Botaniques,  par 
Louis  Feuillft.    Paris  1714.    Vol.  i.  p.  116,  1 19  and  vol.  ill.  p.  9e. 
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aertfy  from  the  greater  number  of  acco«nts  brought  fo  us 
fioiti  tke  latter,  and  the  greater  attentioa  of  the  observers ;  for  we 
are  asaived  by  Foster,  that  be  saw  sereral  fire-balls  in  the  south 
seas*. 

9.  'At  every  season  of  the  year,  I  am  acquabted  with  observa* 
tjons  made  in  every  month  except  September ;  and  of  these  several 
w^re  raade^  but  between  the  45tb  and  55tb  degree  of  northern  hiti. 
todeiy  in  all  the  ninths  except  April,  June  and  September.  It  can« 
not,  tbenefera  be  said  that,  like  storms,  tliey  appear  more  frequently 
at  one  time  of  the  year  than  another. 

9.  At^very  period  of  the  day.  The  hour  when  these  phaooroeMi 
took  place  is  not  indeed  given  by  every  observer,  but  observations 
have  been  nuide  both  by  night  and  by  day.  The  greater  part,  how* 
over,  havelMen  made  in  the  evening;  when,  being  more  perceptible 
to  the  eye,  it  was  less  possible  for  them  to  escape  notice. 

4.  They  appear,  for  the  most  part,  when  the  sky  is  serene*  This 
femark  is  expressly  made  in  regard  to  26  of  the  above  men* 
lioned  50 ;  and  in  regard  to  the  rest>  it  is  to  be  concluded,  from 
eoneomitant  circumstances,  such  as  their  height,  &c.  The  heavens 
were  oAcn  covered  only  with  a  pale  mbt,f  and  some  few  were  seen 
to  proceed  from  light  clouds  X ;  which  gives  us  reason  to  suppose  that 
they  came  from  a  greater  height  than  these  clouds. 

5.  Most  of  thera  were  seen  to  move  with  a  very  rapid  motion ; 
and  of  those  on  the  velocity  of  which  obserTations  have  been  made^ 
that  is  said  to  have  moved  quickest  which  was  seen  in  the  month  of 
November,  1768  -,  and  which,  according  to  the  calcnlation  of  Sir 
John  Pringle  §,  passed  over  thirty  English  or  seven  German  miles 
in  one  second ;  a  velocity  greater  by  3^  miles  in  a  second,  than  that 
of  the  earth  in  Its  orbit.  The  one  said  to  have  moved  slowest  is 
that  which  was  seen  by  Balbns  at  Bologna,  in  the  month  of  March, 
1719  §,  and  which  proceeded,  according  to  his  reckoning,  at  about 

•  ForUer*i  Observations  on  Physical  Gf ography,  made  during  a  voyage 
round  the  wor  d,  &c.  p.  119. 

f  Bredaner  Sammlungen  von  Natnr-and  Medicin-Geschicbten.  III.  JaOf 
1716,  p.  544.    Hanov.  Magazin,  1791,  p.  1628. 

X  Breslaaer  Sammlungen  zxiz.  Aug.  17d4,  p.  169.  Compare  Lichtenberg'9 
Gotbaisches  Magazin,  vol.  iii.  part  2,  p.  92 ;  vol  ir.  part  2,  p.  164. 

^  Philosopb.  Transactions,  vol.  li.  part  1 .  p.  218. 

{)  De  BoDon.  Scient*  Instit,  Comment,  fol  i.  p.  285. 
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15S0  feet,  or  0,067  of  a  German  mile  in  t  iecond.  But  there  il 
reason  to  conclnde  that  the  morement  of  others*,  the  course  of 
which,  as  might  be  conjectured  from  their  long  train,  was  not  in  the 
direction  of  the  eye,  must  have  been  much  slower.  Some  appear 
also,  unless  these  be  refused  a  place  here,  to  be  peculiar  to  one 
part  of  the  heavens  f. 

6.  They  proceed  from,  as  well  as  towards,  all  points  of  the  com- 
pass. The  greater  part  of  them,  however,  have  beyond  all  dispute 
appeared  in  the  northern  or  southern  parts  of  the  horizon  ;  but  no 
general  conclusion,  in  regard  to  their  connection  with  the  northern} 
or  southern  lights,  can  be  drawn  from  thb  circumstance ;  though 
some  observations  made  in  Sweden  §  seem  to  favour  such  ao  ky« 
pothesis. 

7.  They  do  not  always  move  according  to  the  direction  6t  the 
wind.  The  third  observed  by  Ulloa  makes,  perhaps  acddontailyi 
an  exception ;  and  the  spindle^haped  meteor  seen  by  M.  Lidu 
tenberg,  atGottingen,  on  the  12th  of  November  N,  was  towards 
the  S.S.E,  the  then  direction  of  the  wind,  which  however  near  the 
earth  was  very  little  felt.  Besides,  their  velocity  was  seldom,  or 
never,  proportioned  to  that  of  the  wind ;  as  during  the  most  violent 
storm  it  does  not  move  above  100  feet  per  second.  When  such 
meteors  have  appeared,  it  has  been  generally  calm  ;  but  some  of 
them  were  followed  by  wind  f;  and  Forster  observed  that  after 
each  fire. ball  which  he  saw,  a  violent  wind  took  place. 

8.  They  almost  all  fell  towards  the  earth,  and  consequently  from 
a  rarer  to  a  denser  atmosphere,  as  in  most  cases  might  be  concluded 
from  their  soon  becoming  considerably  enlarged.  Some  of  them, 
however,  particularly  those  which  moved  slowly,  seemed  to  pro- 
ceed in  a  horizontal  direction  over  the  surface  of  the  earth ;  but 

•  Breslauer  Sammliing^en,  iv.  May  1718,  p.  1777  ;  Phil.  Trmni.  vol.  zliii. 
No.  477,  p.  5?4  ;  mid  Gothaiscbes  Magazin,  yoI.  iv.  part  2.  p.  164. 

f  Ilof  in  Acta  Litteraria  et  Scieut.  Sueciae,  an.  ]7S4t  p.  7S ;  and  De  G«iis- 
noce  in  Histoire  de  TAcad.  des  Sciences.    Paris  1738.  p.  36. 

X  Beff^man'.s  Physic.  Beschreibung  der  Rrdkugei,  vol.  il.  p.  78.  Bemstoff 
in  Rozier*8  Jouinal  de  Physique,  1784,  p.  115;  and  Blagden  in  the  FhiU 
Trans,  for  178*1,  p.  229. 

§  Hof  and  Celsius  in  Acta  Litteraria  ct  Scient.  Suecis,  an.  1734,  p.  78  and 
81*    Gisler  in  Schwedische  Abhandlun^en,  vol.  xxv«  p.  65. 

II  Hannovrisches  Magazin,  1791,  p.  1626. 

f  Acta  Litteraria  Sueciae,  1734,  p.  78  ;  and  Chladni  in  Gothaiscbes  Ma^^o, 
voL  zt.  part  2.  p.  712. 
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lioBfe  bf  theihj  according  to  erery  appearance,  moftd  upwards. 
Their  motion,  therefore,  cannot  be  explained  in  the  same  manner 
aa  that  of  sky-rockets*,  where  the  superior  air  is  rarefied  by  the 
flame,  and  that  belo^  cbndensed* 

9.  Their  form  was  sometimes  perfectly  glbbtilar,  and  sometimes 
more  spindle  shaped  ;  so  that  their  length  often  occupied  seren  or 
eight  degtees  of  the  heavens.  When  obserted  to  moVe  with  great 
Velocity,  they  had  a  long  tail  behind,  which  arose  chiefl)pfrom  the 
Continuance  of  the  impression  made  on  the  eye  t.  Others,  how. 
eier  j:,  and  particularly  those  which  moTed  Slowly,  Shewed  that  a 
part  of  the  tail  belonged  to  the  body  itself;  and  it  wodld  appear 
that  the  long  train  which  marks  their  course,  ought  often  to  be 
explained  rather  by  traces  left  behind  them  than  by  mere  im. 
pression  §• 

10.  Their  apparent  magnitude  was  Tery  diffetent,  but  on  Sereraf 
dccasions  greater  than  that  of  the  moon  ||. 

11.  Only  a  few  of  them  had  an  apparent  ihotion  round  theit 
■Jdst. 

13.  The  greater  part  of  them  diffused  a  Tery  li?ely  dazzling 
light** ;  the  fewer  number  a  fkint  light;  Theii*  colour  and  splen- 
dour  were  Tery  different  and  vdriable ;  Sometimes  red,  sometimes 
blue,  sometimes  Tiolet,  sometimes  in  part  yellow  or  dazzling  tirhite, 
and    some    exhibited   the    prismatic  coloursff.     SeTeral  hate 

«  Gotbaiscbes  Ma|;azin,  vol  iii.  part  S.  p.  95. 

-f  Intflligioitia  niagis  qoa  apparent  stella,  quam  qua  eat.  Itaqae  Tflat  igoe 
a#otioiio  totODi  iter  signat,  quia  visus  nostri  tarditas  non  snbseqaitor  mteicnta 
cvtentis,  sed  ?idet  timal  et  undo  ezsilierit  et  quo  penreoerlt.  Quod  fit  in  ful- 
Bitae,  longus  ndbis  Tidetur  ig:nis  ejus,  quia  cito  spacium  suum  transilit^  et  ocnliy 
nostrit  occurrit  uhiversuniy  per  quod  dejectus  est.  At  iUe  dod  est  eztenti  cor- 
poris per  omne  qiia  venif.    Senecx  Quest.  Natur.  lib.  i.  cap.  ki?. 

{  Robinson  in  the  Phil.  Trans,  for  1T84»  part  i.  p.  S$5. 

^  Breslaaer  Sammlung^en,  i,  IT  17.  p.  157  ;  Phil.  Trans,  fol.  ili.  pattS.  p. 
870»  vol.  xlii;  p.  1 ;  and  Transactions  of  the  American  Phil.  Society^  toI.  ii. 

p.  173. 

I  Hbtoire  de  TAcad.  des  Science.    Paris,  1761,  p.  S8.    Gotbalsches  Ma^ 

gazin,  Tol.  iii.  part  ii.  p.  92. 

1  Nova  Acta  Nat.  Curios,  vol.  i.  p.  S48«  TbeoHe  der  am  JSSsteii  Jul.  1708 
erschieoenen  Feuerkngel  von  J.  £.  Stlberlcblag.  Magd*  Stend.  n.  Leipa« 
1764.  4. 

♦♦  Phil.  Tran«i.  vol.  ilii.  part  1.  p.  S46, 

-ff  Gothai^cbes  Magazin,  vol.  iv.  part  3.  164.  HannovritchM  Msfaiiti,- 
1791,  p.  16^. 
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been  seen  to  burn  with  a  bright  flame,  and  others  as  if  in  a  slate  of 
ignition. 

13.  Their  real  diameter,  as  far  as  coold  be  ascertained,  tome* 
times  by  conjecture  and  sometimes  by  actual  measureroenty  wu 
alvniys  rery  considerable.  The  diameter  of  that  respecting  which 
Sir  John  Pringle  made  calculations  from  various  obserrations  he 
collected,  and  of  that  seen  by  Mr.  Rittenhouse  *  at  Philadelphia,  in 
the  montii  of  October,  1779,  v«r«  ^t  roost  about  half  a  Grermaa 
mile. 

14.  They  seem  to  have  originated  at  a  very  different,  though  most 
of  them  at  a  very  considerable  height  above  the  surface  of  the  earth. 
At  any  rate  all  of  them,  whose  mean  or  greatest  height  was  tub. 
jected  to  any  calculation,  exceeded  that  of  the  highest  cloui^  as 
clouds  are  scarcely  perceptible  at  the  height  of  13,600  toiset;  and 
Silberschlag  found  the  greatest  height  of  the  fire*ball,  which  ap- 
peared in  July,  1762,  to  be  19  German  miles,  or  7^275  toises. 
On  this  account  their  origin,  as  Reimarus  and  Chladni  hare  already 
sufficiently  shewn,  is  not  to  be  ascribed  merely  to  electricity,  though 
some  have  considered  them  as  occasioned  by  the  action  of  the  elec- 
tric fluid  between  the  clouds  and  the  northern  lights,  which  would 
agree  exceedingly  well  with  their  actual  height ;  as,  according  to 
themeasurement  of  Bergman,  Kastner  and  Lambert  +,  the  northern 
lights  have  an  altitude  of  mure  than  20  or  30  German  miles,  and 
according  to  every  appearance  no  fire.balls  have  been  seen  higher. 
On  the  other  hand,  this  general  conclusion  led  Halley  Xi  Franklin  §, 
and  Rittenhouse  || ,  to  the  grand  idea,  which  Dr.  Chladni  has  de- 
fended with  so  much  ingenuity,  that  these  phaenomena,  as  well  as 
shooting  stars,  are  cosmical  meteors  belonging  to  the  atmosphere 
of  the  sun,  which  meeting  our  earth  in  its  course  round  that  lumi- 
nary are  inflamed,  by  some  cause  or  other,  when  they  enter  the 
earth's  atmosphere.  The  phenomenon  also  seen  by  De  Genssance 
at  Paris,  in  the  month  of  July,  1738,  and  the  like  observation  of 
falling  stars  on  the  highest  mountains,  as  well  as  on  the  surface  of 


«  TraDiactions  of  the  American  Philosoph,  Society,  volii.  p.  175. 

i  Gottiof^ischerTaschen-Calendar,  1778,  p.  52. 

^  Philosoph.  Transactions,  No.  341. 

f,  Golhaisches  Magazin,  vol.  iv.  part  2.  p.  1 14 ;  and  vol.  \x  part  S.  p.  173* 

Jl  TracsactioQs  of  the  American  Philosoph.  Society,  vol.  ii.  p.  175. 
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the  sea  * ;  bat  in  particnlar  the  new  distant  laminoiis  phenomenoa 
obserred  by  M.  Schroterf,  will  appear  the  more  favourable  to 
this  hypothesis,  as  we  have  reason  to  suppose  that  there  are  pro* 
cesses  carried  on  in  our  atmosphere  with  which  we  are  as  little  ac« 
quainted  as  with  those  carried  on  in  the  interior  parts  of  the  earth. 

15.  The  time  of  their  duration  wasT«ry  ditferent:  that  observed 
by  De  Genssance  continued  half  an  hour ;  at  other  times  their  du- 
ration has  seldom  been  above  a  minute.  Few  or  none  of  them^ 
however,  have  been  observed  from  the  commencement  of  their  ap« 
pearance  till  the  time  when  they  disappeared. 

16.  Many  of  them  in  their  course  threw  out  sparks,  and  the 
greater  part  of  them  were  seen  to  divide  themselves  into  several^ 
sometimes  larger,  sometimes  smaller  parts,  before  they  entirely 
disappeared.  This  division  also  seems  to  oppose  the  hypothesis  of 
a  track  of  inflammable  air  set  on  fireil:,  which  Dr.  Chladnl  hat 
sufficiently  refuted  on  other  grounds. 

17*  This  bursting  into  pieces  was  for  the  most  part  accompanied 
with  a  rumbling  noise  like  thunder,  or  a  sudden  report.  This  wai 
obeerved  to  be  the  case  in  regard  to  27  of  the  50  abovementioned  ; 
and  very  often  two  or  more  reports  have  been  heard  in  succession, 
without  the  large  ball  being  divided  into  smaller  ones,  and  without 
these  being  still  farther  shattered.  But  as  these  reports  were  heard 
at  a  very  great  distance  §,  and  as  many  which  did  not  appear  to  be 
more  remote,  but  nearer,  have  burst  without  any  report;  a  question 
arises,  whether  we  are  to  consider,  as  Dr.  Chladni  does,  this  violent 
bursting  as  peculiar  to  all  these  phaenomena  ? 

18.  Several,  after  bursting,  seemed  to  dissolve  into  smoke  H,  and^ 
according  to  the  observation  made  by  Celsius  in  the  month  of 
March,  173U  a  Tisible  smoking  stripe  seemed  to  be  previously  ln« 
flamed.  The  greater  part  of  them,  however,  after  exploding,  left 
no  visible  traces  behind. 

*  Brydone  io  the  Pliilnsoph.  Transactions,  to  1.  Ixiii.  part  l.p.  167. 

f  Guthaischa  Magazin,  vol.  xi.  part  I.  p.  80. 

f  Gehlers  Ph3s.  Worterhuch,  art.  Feuerkogel. 

S  Allgem.  Historic  der  Reiseo,  vol.  iz.p.  564  { and  Philoiopb.  TranncUoas, 
Tol.  iii.  part  1.  p.  163. 

g  De  Bonon.  Scieut.  In<ititat.  Comment,  vol  i.  p.285  ;  Philotopb.  Tmnsac- 
tion«,  vol.  xli.  part  2.  p.  870,  vol.  slii.  p.  1  ;  and  Hilt,  de  TAcad.  des  Scieocet, 
Parii,  I75S,  p.  73. 
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19.  In  some  cases,  after  their  dtstppeanuice,  a  sulpbirroiu  sncH 
was  perceived  *,  like  that  perceived  after  li^tning  has  fallen,  and 
which  gave  occasion  to  Muschenbroek's  hypothesis  of  an  accumul^^ 
tion  of  sulphuroas  inflammable  vaponrs  that  arise  from  volcanoes 
and  subterranean  pits,  and  being  driven  together  by  the  winds  form 
clouds^  that  by  some  accident  or  other  are  set  on  fire ;  but  which, 
however,  can  as  little  be  reconciled  with  their  general  prodigious 
height,  as  Silberschlag's  oily  and  slimy  vapours, 

20.  As  scortaceous  masses  have  frequently  been  either  actoally 
seen  to  fall  at  the  time  of  the  disappearance  of  these  phaenomena, 
or  have  been  found  soon  after  on  the  surface  of  the  earth ;  and  as  it 
is  sufficiently  proved  by  various  accounts  that  stones  have  fallen 
from  the  atmosphere.  Dr.  Chladni  concludes  that  both  these  ph«- 
Bomena  are  connected ;  but  this  can  be  determined  only  by  future 
nccurate  observations. 

[Goorft  Lucretiui.  ThomsotCs  Chemistry. 


SECTION  IX. 

%  A'trolitei^  or  Meteoric  Siones. 

1.  General  History  and  Observations. 

It  is  now  well  known,  and  admitted  without  hesitation,  that  a 
variety  of  stony  bodies  are  frequently  falling  from  the  atmosphefe, 
in  every  quarter  of  the  world,  and  in  every  instance  of  similar  com. 
position,  and  connected  with  the  fiery  meteors  we  have  just  con. 
templated.  It  is  not  many  years  ago,  however,  that  the  fact  was 
generally  discredited  by  every  one.  Yet  It  h  by  no  means  a  disco, 
very  of  modem  times,  having  been  almost  as  fully  known  to  the 
philosophers  of  Greece  as  it  is  at  present  to  the  philosophers  of 
Europe  at  large. 

"  What,"  observes  a  writer  who  is  well  acquainted  witli  their 
opinions,  ••  will  the  unlearned  reader  say,  when  he  finds  that  even 
the  meteork  stones^  or  those  which  are  now  traced  to  have  fallen 
froiii  the  heavens,  and  are  at  this  moment,  for  the  first  time  as  is 


•  Brwlauer  SammliiDgeD,  i.  p.  167  ;  Philosoph.  Traniactlons,  vol.  1.  p.?99» 
•Id  Goth.  MagaziD,  vol.  xu  part  S.  p.  1 12. 
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cemmoDly  supposed,  exeking  attention  in  the  philosophic  worldp 
are  not  a  new  discovery,  and  were  known  to  mankind  upwards  of 
four  hundred  years  before  the  birth  of  our  Saviour;  were  as  differ* 
ently  accounted  for  by  the  sages  of  that  early  seia  as  they  are  m 
our  own  day  ;  and  their  fall  capable  of  being  foretoldbj  sonie  of 
them,  and  especially  by  Anaxagoras,  who  predicted  the  descent  of 
a  very  large  stone  that  fell  accordingly  on  the  banks  of  tiM  Aifoa 
in  Thrace.  This  fact  and  prediction  are  recorded  by  Pliny  iu 
68*  and  Diogenes  and  Laertius,  in  Vit.  Anaxag.  iL  10.  Ansto* 
tie,  in  his  first  book  of  Meteorics,  supposes  these  stones  to  be  tar* 
ried  upwards  from  the  earth  iu  the  course  of  a  violenl  tempest*  In 
modern  times  they  are  said  by  many  pbilosophert  to  fall  fnm  the 
moon,  Auaxagoras  contended  that  they  fell  from  the  amn :  and 
hence  his  disciple  Euripides  denominates  the  sun  Xfvri#v  CmXm^ 
*'  a  golden-glebe*." 

But  though,  observes  Dr.  Thomson,  several  well  anthentieafed 
accounts  of  the  fall  of  such  stones  had  been  from  Hme  to  time  publish* 
edy  little  credit  was  given  to  them ;  nor  did  they  indeed  attract  the 
attention  of  philosophers,  till  Dr.  Chladni  published  a  dissertation 
on  the  subject,  in  1 794.  Two  years  after,  Mr.  King  published  a 
still  more  complete  collection  of  examples,  both  ancient  and  ma* 
dem ;  mauy  of  them  supported  by  such  evidence  that  it  was  im. 
possible  to  reject  it.  These  two  dissertations  excited' considerable 
attention:  but  the  opinion,  that  stones  had  really  fallen  from  the 
atmosphere,  was  considered  as  so  extraordinary,  and  so  contrary  to 
what  we  know  of  the  constitution  of  the  air,  that  most  people  hesi- 
tated,  or  refused  their  asseut.  Meanwhile  Mr.  Howard  took  a 
different  method  of  investigating  the  subject.  He  not  only  collect* 
ed  all  the  recent  and  well  authenticated  accounts  of  the  fall  of 
stony  bodies,  and  examined  the  evidence  of  their  truth,  but  pro» 
cured  specimens  of  the  stones  which  were  said  to  have  fidlen  in 
different  places,  compared  them  together,  and  subjected  them  to  a 
chemical  analysis.  The  result  was,  that  all  these  stony  bodies  diflfer 
completely  from  every  other  known  stone ;  that  they  all  resemble 
each  other,  and  that  they  are  all  composed  of  the  same  ingredients. 
Hb  dissertation  on  the  subject  was  publislied  in  the  Philosophical 
Transactions  for  1802.    The  proofs  which  this  admurable  disserta. 


*  Good's  Notet  to  hisTraDilatioa  of  Lacretioiy  lM>ok  iiU  c.  9399  lN^4i4 
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tioo  coBteioSy  that  the  stony  bodies  in  question  really  fell  from  the 
atmosphere,  are  quite  irresbtible.  Indeed  their  external  charac- 
ters and  chemical  analys»is  would  alone  decide  the  |>oint :  For  it  is 
quite  inconceivable  that  in  India,  England,  France,  Germany,  and 
Italy,  in  climates  and  in  soils  exceedingly  difterent  from  each  other^ 
stones  should  have  been  pointed  out  which  differed  from  every 
other  mineral  in  the  countries  where  they  were  found,  and  which 
exactly  resembled  one  another,  provided  those  had  not  had  tlie 
same  origin^  The  chemical  analysis  of  Howard  was  soon  after 
repeated  and  ?erified  by  Vauquelin  *  and  Klaporth  t. 

1.  Most  of  the  stones  which  have  fallen  from  tlie  atniospliere 
have  been  preceded  by  the  appearance  of  luminous  boilies  or  me» 
teon.  These  meteors  burst  ivith  an  explosion,  and  then  tba 
ahowcr  of  stones  falls  to  the  earth.  Sometimes  the  stones  continue 
luminous  till  they  sink  into  the  earth ;  but  most  conmionly  their 
Inminottsness  disappears  at  the  time  of  the  explosion.  Tliese  roe* 
teors  move  in  a  direction  nearly  horizontal,  and  they  seem  to  ap» 
proach  the  earth  before  they  explode.  The  following  Table,  drawn 
up  by  Mr.  Izarn,  exhibits  a  collection  of  the  best  authenticated 
instances  of  the  iallmg  of  stones  trom  the  atmosphere  hitherto  ob. 
aeryed,  together  with  the  time  when  they  fell,  and  the  persons  on 
whose  evidence  the  fact  rests  t* 

•  Ann.  de  Cbim.  xlv.  825.        f  PbU.  Mag.  xv.  188.  t  ^^^^'  xvi.«9& 
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%  The  itoiy bodut.wiMB  finiad  «ra  ■bvays  liot.    Ilicy 

noDly  baiy  thmMlves  some  dqith  under  ground.  Their  Me  difcn 

fr<im  i  fny  C^w  ooncei  to  aetemi  tons.   They  are  usually  rooadkhy 

•n4  iil«|IIi  co^erid  with  a  black  crutC*    In  many  caaea  they  smcU 

stion^y  of  iHilphqr,  The  black  cruitj  from  the  analyiu  of  Howard, 

oomiiti  chiefly  pf  oiide  of  iron. 

3.  The  outer  tfirfaoe  of  theie  atones  is  rough.  When  brokciw 
diey  appear  of  ai|  ash-grey  coloun  i|nd  of  a  granular  texture  like 
^  coarse  aandatooet  When  eiamined  with  a  microscope^  four  dif* 
feroit  siibatanoes  qiay  be  discovered  of  which  the  stone  is  compo- 
aed :  lat»  A  number  of  q>heric^  bodies,  varying  in  sij»  from  ^ 
|NP»head  to  a  pea  of  a  greyish.brown  colour,  opaque^  breakmg 
easily  in  every  directioo,  of  a  compact  texture,  capable  of  scratchv 
jqg  glass,  afHl  of  giving  a  few  feeble  sparks  with  steel,  2d,  Fo- 
ments qf  pyrites  of  an  indeterminate  shape,  of  a  reddish-yellow 
colour,  grannlari  and  easily  reduced  to  powder.  The  powder  hat 
a  Mack  eoliifur.  $d,  6r^  of  iron  m  the  metallic  stfite,  scattered 
like  the  pyritea  th(opgh  the  stone.  4th,  The  thfee  snbstancea  just 
mentioned  are  cemented  together  by  a  fourth  of  an  earthy  ffumitf 
ence,  and  so  soft  that  all  the  other  substances  may  be  easily  aepa* 
rated  by  the  pofait  of  a  knife  or  the  nail,  and  the  stone  itadf 
crumbled  to  pieces  between  the  fingers,  ^b  cement  is  of  a  grey 
colour*.  The  proportion  and  size  of  these  different  cqustituenta 
vary  considerably  in  different  s|)ecimeDS ;  but  all  of  them  bear  a 
striking  resemblance  to  each  other.  Their  specifip  gravity  varies 
from  8*352  to  4281  f. 

4*  From  the  analysis  of  Howard,  which  was  conducted  with 
much  pracision  and  address,  and  which  has  been  fully  confirmed  by 
Vauquelin  and  Klaproth,  we  learn  that  the  black  crust  consists  of 
e  compound  of  iron  and  nickel,  partly  metallic,  and  partly  oxidiyed. 
The  pyrites  consist  of  iron,  nickel,  and  sulphur.  The  metallic 
gnini  consist  of  Jron,  combined  with  about  1.3d  of  its  weight  of 
pk|(elt  and  the  yellow  globules  are  composed  of  silica,  magneiia, 
irofif  fmd  nickel.  The  Count  Boumon  observes,  that  these  glo« 
\iiViif9t  rescue  the  chrysolite  of  Werner,  and  that  their  chemical 
analyiis  cpffesponds  exactly  with  Klquroth's  analysis  of  that  mme. 
ral.    The  earthy  cement  consists  of  the  very  anne  anbataocea,  and 

t  Qoarnoii,  NI.  IVans.  190%,  f  jJkld* 
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nearly  in  the  sfune  propprtiop  fM  the  globular  sobstaocei,  Bui  it 
will  be  necessary  tp  exhibit  a  spedmen  of  some  of  the  piialyies,  at 
published  by  the  philosophers  to  whom  we  are  indebted  for  them, 
A  stone  which  fell  at  Benarei  in  lodia  was  analysed  by  Howard. 
The  pyrites  consisted  pf 

S*0  sulphur 
1P*5  iron 
IH)  nickel 
2*0  earths  and  foreign  bodies 


15-5 


Tbe  spherical  bodies  50-0  silica 

15*0  magnesia 
34*0  oxide  of  iron 
2*5  oxide  of  nickel 


lOl-Ji 


The  earthy  cement  48*0  silica 

18-0  ipagnesia 
34*0  oxide  of  iron 
2*5  oxide  of  nickel 


102*5 


A  stone  which  fell  in  Yorkshire,  deprived  as  much  as  possibly 
•f  its  metallic  particles,  gave  Mr.  IJoward  from 

}  50  grains.  • .  •  t «  75  silica 

37  magnesia 
48  oxide  of  iron 
2  oxide  of  nickel 


l62 


The  increase  of  weight  was  owing  to  the  oxidizement  of  the  metal- 
lie  bodies.  .  *"  " 
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Stones  which  fell  at  Laigle  h»  VraMt,  ■ 
analjies  ot'  VMiqiMlm  tuid  Foureroj, 

54tiliG> 

36  oxide  of  iroa 
9  inagiieua 
3  oxide  of  oickel 
3  snlpbiir 
1  liiiie 


105* 

The  followinf;  Table  exiiibits  the  result  of  the  most  remarkaUe 
analyses  of  such  stones^  which  have  been  made  since  the  publica* 
lion  of  Howard's  paper  on  the  subject. 


f 


Iron 

Nickel 

Oxide  of  iron  •  •  •  • 
Solphuref  of  iron  • 

Sulphur 

Silica 

Magnesia.  •  ••.... 

Lime.  ........... 

iMani^anesf-  « 


2-4 
30'0 

3-5 
^56-0 

1-4 


t 


«-25 

0*60 

2500 

Trace 
4400 
22-50 

0.?5 


T 


10*0 

16-5 

Trace 
37*0 
21-5 


.§ 


38*3 
0-33 


900 
34'00 
14-50 

0-83 


} 


17to22 

5 
12 


69 
Trace 


5.  The  experiments  of  Howard,  thus  confirmed  by  others,  and 
supported  by  the  most  respectable  historical  evidence,  having  de* 
niotistrated  that  these  stony  bodies  really  do  fall  from  the  heavens^ 
it  was  natural  to  expect  tiiat  various  attempts  would  be  made  to 
account  for  their  appearance.  But  ^uch  is  the  obscurity  of  the 
subject,  so  little  progress  have  we  made  in  the  science  of  meteoro- 
logy, that  no  opinion  in  the  slightest  degree  probable  has  hitherto 


«  Phil.  Mai;,  xvi.  302. 

t  Vauquelin,  Phil.  Mnf^.  xvU  302.    The  stone  fell  at  Eofsishrim,  in  U9?. 
{  Klaproth,  Gehlcn*8  Jour.  i.  8.    The  stone  fell  at  Sienna,  in  1794. 
I  Klaproth  Ibid.  p.  19.     The  stone  fell  at  Auchstadtschen,  in  Germany. 
S  Uugier,  Ibid  i?.  531.    The  stone  feU  at  Vaurlow  In  1804.  See  adeserip. 
lion  of  it  by  Vauquelin,  Ann.  de  Chim.  xlviii.  S$5. 

1  Proust,  Jour,  de  Phyt.  Ix,  185.   The  stone  fell  at  Sigena,  in  1773, 


MBtEORIC  BTOITBS.  475 

mm  advanced.  It  was  first  supposed  that  the  bodies  in  question 
lad  been  thrown  out  of  volcanoes;  but  the  immente  distance  from 
II  volcanoes  at  which  they  liave  been  found,  and  the  absence  of 
11  similar  stones  from  volcanic  productions,  render  this  opinion 
iBtenable.  Chladni  endeavoured  to  prove  that  the  meteors  from 
rbich  they  fell  were  bodies  floating  in  space*  unconnected  with 
iiy  planetary  system,  attracted  by  the  earth  in  their  progress,  and 
indled  by  thf  ir  rapid  motion  throu>;h  the  atmosphere.  But  this 
opinion  is  not  susceptible  of  any  direct  evidence,  and  can  scarcely 
le  believed,  one  would  thinks  tvtn  by  Dr.  Chladni  himself.  La 
?lace  suggests  the  probability  of  their  having  been  thrownofi  by  the 
rolcanoes  of  the  moon  :  but  the  meteors  which  almost  alwavs  ac« 
loaipaiiy  tiieiu,  and  the  swiitness  of  their  horizontal  motion,  mili* 
ate  too  strongly  against  this  opinion.  The  greatest  number  of 
philosophers  consider  them,  with  Mr.  King  and  Sir  William  Hamil- 
OD,  as  concretion:}  actually  formed  in  t lie  atmosphere.  Thi^  opinion 
s  undoubtedly  the  most  probable  of  ail ;  but  in  the  present  state 
»f  our  kuowledge,  it  would  be  absurd  to  attempt  any  explanation 
>f  the  manner  in  which  they  are  formed.  The  masses  of  native 
roo  found  in  South  America,  iu  Siberia,  and  near  Agnam,  contain 
iickel,  as  has  been  ascertained  by  Proust,  Howard,  and  Klaproth, 
lod  resemble  exactly  the  iron  found  in  the  stones  fallen  from  the 
itoiosphere.  We  have  every  reason  therefore  to  ascribe  to  them 
:he  same  ong:inal :  and  this  accordingly  is  almost  the  uniform  opi« 
lion  of  philosophers.  Klaproth  hath  shown  that  real  native  iron 
s  distinguished  from  meteoric  iron  by  the  absence  of  nickel  *• 

[^Good^s  Lucretius.  Thomson'^ s  Chemistry* 

%  Lunar  or  Selenitic  Origin  of  Meteoric  Stones* 

The  best  and  fullest  examination  which  has  yet  occurred  to  ni 
ipon  this  curious  subject,  is  contained  in  a  long  and  interesting 
>riginal  note  of  the  Editors  of  the  ^^  Philosophical  Transactions 
Abridged,"  appended  to  Dr.  Ualley's  paper  on  Meteors,  or  lights 


•  Gehlen's  J  oar.  i.  8. 

Hiis  closing  remark  is  a  strong  proof  of  the  difierence  between  the  two,  and 
Hie  article  which  immediately  follows  is  saflicient  to  show  that  the  iogeoious 
sbemist  is  in  an  error,  in  conceiving  that  the  hypothesis  to  which  he  seems  to 
jKline  is  "  almost  the  unifona  opinion  of  philosophers." 

FEditoiu 


ki  tlM  lii^r,  pABslMid  la  ToL  sdiu  oT  41m  TiUNtfiiMi  tfl^lMpS 

TJbA  note  is  w  follows  I 

\   Dr.  Hftlley's  mind  iz«s  on  BoAiDg  b«t  ivftpovr  or  swImIoHow^ 

to  solfe  tlio  appcoranoo ;  ttoogh  tho  dMtoiUyf  not  to  sayliposJi 
kility,  of  oonceifing  how  any  exhalations  could  bo  raisod  ao  Mff^ 
ought  to  hare  hinted  the  idea  of  some  othw  orighu  I«alor  ohasib 
nations  however  have  induced  a  belief,  that  thcae  Iwniiwvs  nppsaai 
ances  are  allied  to,  if  not  the  same  as,  the  stones  which  havo  fia» 
quentljr  been  known  to  fall  from  the  atmosphere,  «t 
times,  and  in  all  parts  of  the  earth.  Several  of  tiM  pi 
are  common  to  both.  These  luminous  bodies  are  aeon  to 
with  very  great  velocities,  in  oblique  directions  descending; 
monly  with  a  loud  hissing  noise,  resembling  that  of  a  mortar  sMI^ 
or  cannon  ball,  or  rather  that  of  an  irregular  liard  maas  prajoctsd 
violently  through  the  air ;  surrounded  by  a  blase  or  laino^  taper, 
ing  oflf  to  a  narrow  stream  in  the  hinder  part  of  it ;  are  heard  to 
explode  or  burst,  and  seen  to  fly  in  pieces,  tlie  larger  parts  going 
foremost,  and  the  smaller  following  in  successicfn;  are  thns 
to  fall  on  the  earth,  and  strike  it  with  great  violence;  that-oa 
mining  the  place  of  the  fall,  the  parts  are  found  scattered  about, 
being  still  considerably  warmj  and  most  of  them  entered  the  enitt 
several  inches  deep.  After  so  many  facts  and  concurring  drcurn* 
stances,  it  is  difficult  to  refuse  assent  to  the  identity  of  the  two 
phsnomena :  indeed  it  seems  now  not  to  be  doubted,  but  generally 
acquiesced  in.  And  hence  it  is  concluded,  that  every  such  meteor* 
like  appearance  is  attended  by  the  fall  of  a  stone,  or  of  stones, 
though  we  do  not  always  see  the  place  of  the  fall,  nor  discover  the 
stones, 

This  conclusion,  however,  has  contributed  nothing  towards  dis« 
covering  the  origin  of  the  phenomenon,  at  least  as  to  its  genera- 
tion in  the  atmosphere :  on  the  contrary,  it  seems  still  more  diflL 
cult  to  accouut  for  the  production  of  stones,  than  gaseons  meteors, 
in  tiie  atmosphere,  as  well  as  to  inflame  and  give  theai  such  violent 
motion.  In  fact,  it  seems  concluded  as  a  thing  impossiUo  to  bo 
done,  or  conceived ;  and  philosophers  have  given  up  the  idea  aa 
hopeless.  This  circumstance  has  induced  them  to  oideavonr  to 
discover  some  other  cause  or  origin  for  these  phsenomena.  Bit 
no  idea  that  is  probable,  or  even  posriUo,  has  yet  been  started  ; 
elceptinj  one,  by  the  Tery  celebrated  mathematidaB  La  Place,  and 
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fttt  of  SO  eztnordintrj  a  natnre,  as  to  astonish  us  with  III  norelt j 
ind  boldness  of  conception.  This  is  no  less  than  the  oonjectare, 
tet  tfiese  stony  masses  are  projected  from  the  moon  !  a  conjecture 
wMck  none  but  an  astronomer  could  have  made,  or  at  least  haTe 
ibown  to  be  probable,  or  eren  possible.  Any  ordinary  person 
■light  at  random  utter  the  ragne  expression  of  a  thing  coming  from 
fte  moott :  but  fio  one,  except  the  philosopher,  could  propose  the 

ij«ctare  seriously,  and  prove  its  possibility.  This  M.  La  Place 
been  enabled  to  do  by  strict  mathematical  calculation.  He  has 
prored  that  a  mass.  If  projected  by  a  volcano  from  the  moon,  with 
t  certain  velocity,  of  about  a  mile  and  half  per  second,  (which  is 
povlble  to  be  done)  it  will  thence  be  thrown  beyond  the  sphere  of 
the  noon's  attraction,  and  into  the  confines  of  the  earth's ;  the 
Bonseqnence  of  which  is^  that  the  mass  must  presently  fall  to  tha 
earth,  and  become  a  part  of  it. 

To  prepare  the  way  for  a  calculation,  and  a  comparison  of  this 
supposed  cause  with  the  phaenomena,  it  will  be  useful  here  to  pre- 
Biife  a  short  account  of  the  late  and  best  observed  circumstances  in 
Qm  appearance  of  fireballs,  and  the  fall  of  stony  masses  from  the 
itmosphere,  extracted  from  the  last  published  accounts  of  some  of 
the  more  remarkable  cases. 

It  is  remarkable  how  generally  the  tradition  has  prevailed.  In 
dmost  all  ages,  and  among  all  people,  of  the  fall  of  solid  materials 
from  the  atmosphere,  under  the  various  denominations  of  thuftder.1 
iM>lt8,  showers  of  stones,  masses  of  native  Iron,  &c.  generally 
Miered  by  the  common  people ;  who  had  often  witnessed  the  fact, 
IS  coming  from  the  sky  or  the  heavens,  and  thence  ascribed  to  the 
miraculous  judgments  of  the  Deity ;  while  they  were  as  generally 
Ibbelieved  by  the  philosophers,  either  because  they  had  never  seen 
then  fdl,  or  because  they  found  it  impossible  to  account  for  the 
auiie  of  them. 

In  the  later  ages  of  the  world,  however,  the  fact  has  been  observ- 
sd  by  more  reip^ttable  evidences,  and  recorded  with  circumstances 
if  considenible  accuracy.  One  instance  of  this  kind,  is  that 
lireii  by  the  celebrated  astronomer  Gassendi,  who  was  an  eye- 
iHtness  of  what  he  relates.  November  27,  1627,  the  sky  being 
inlle  clear,  be  saw  a  burning  stone  fall  on  mount  Yalsir,  in  the 
ioiith.ea8t  extremity  of  France,  npar  the  city  of  Nice,  on  the 
MMtt  of  the  Mediterranean  Sea.    While  in  the  air,  It  seemed  to  be 
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aboot  four  feet  in  diameter ;  it  was  inclosed  in  a  Inminons  circle  of 
colours  like  a  rainbow ;  and  in  its  fall  it  produced  a  sound  like  tlie 
discharge  of  cannon.  It  weighed  59lb.j  was  very  hard,  of  a  daU 
metallic  colour,  and  in  specific  gravity  considerably  more  than  that 
of  marble. 

Prior  to  this,  is  another  remarkable  instance  in  the  stone  that  fell 
near  Ensisheim,  a  considerable  town  in  Alsace,  the  norib«eait 
point  of  France,  near  the  upper  Rhine,  a  little  north  of  Basil. 
This  was  in  149S,  November  7,  between  eleven  and  twelve  before 
noon,  when  a  dreadful  thunder.clap  was  heard  at  EnsiBheim,  aod 
a  child  law  a  huge  stone  fall  on  a  field  lately  sowed  with  wheat. 
On  the  people  going  to  the  place,  the  hole  was  found,  and  digging 
out  the  stone,  it  was  found  to  have  entered  three  feet  deep,  aod 
weighed  2601b«,  which  makes  its  size  equal  to  a  cube  of  about 
thirteen  inches  the  side.  No  doubt  has  ever  been  entertained  of 
this  fact ;  and  cotemporary  writers  all  agree  in  its  general  belief  by 
the  neighbourhood,  and  the  natives  of  the  place  must  hare  known 
that  in  their  wheat  field  no  such  stone  or  hole  bad  formerly  existed. 

In  the  year  1672,  two  stones  fell  near  Verona,  in  Italy,  the 
one  weighing  300,  the  other  2001b.  Soon  after,  one  of  the  men. 
bers  of  the  Abbe  Bourdelot^s  academy  presented,  at  one  of  their 
meetings,  a  specimen  of  these  two  stones ;  stating,  that  the  phe* 
nomenon  had  been  seen  by  3(X)  or  400  persons ;  that  the  stones 
fell  in  a  sloping  direction,  during  the  night,  and  in  calm  weather; 
that  they  appeared  to  burn,  fell  with  great  noise,  and  ploughed  up 
the  ground. — It  is  a  pity  the  record  does  not  mention  the  bearing 
of  their  path,  as  to  the  point  of  the  compass. 

It  is  related  by  Paul  Lucas,  the  traveller,  that  when  he  was  at 
Larissa,  a  town  in  Greece,  near  the  gulph  of  Salonica,  a  stone 
of  721b.  weight  fell  in  the  neighbourhood.  It  was  observed  to 
come  from  the  northward,  with  a  loud  hissing  noise,  and  seemed 
to  be  enveloped  in  a  small  cloud,  which  exploded  when  the  stone 
fell.     It  looked  like  iron  dross,  and  smelled  of  sulphur. 

In  September,  1753,  several  stones  fell,  accompanied  with  loud 
noises,  in  the  province  of  Bresse,  a  little  west  from  Geneva; 
particularly  one  fell  at  Pont-de-Vesle,  and  one  at  Liponas,  at  nine 
miles  distance  from  each  other.  The  sky  was  clear,  and  the  wea. 
ther  warm.  A  loud  noise  and  hissing  sound  were  heard  at  those 
two  places,  and  fur  many  miles  round,  at  the  time  the  stones  fell* 
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The  stones  appeared  exactly  similar  to  each  other,  of  a  darkish 
dull  colour,  rpvy  heaty,  and  their  surface  showing  as  if  they  had 
aaffered  a  violent  degree  of  heat.  The  largest  weighed  abont 
SOlb.,  and  penetrated  about  six  inches  into  the  ploughed  ground, 
a  circumstance  which  renders  it  highly  improbable  that  they  could 
have  existed  there  before  the  explosion.  This  phenomenon  has 
been  described  by  the  astronomer  Delalande,  who  seems  to  have 
carefully  examined,  on  the  spot,  the  truth  of  the  circumstaacet 
he  describes. 

In  the  year  1768,  three  stones  were  presented  to  the  Academy 
of  Sciences  at  Paris,  which  had  fallen  in  different  parts  of  France  ; 
mie  at  Luce,  in  the  Maine ;  another  at  Aire,  in  Artois ;  and  the 
thicd  in  Cotentin.  These  were  all  externally  of  the  very  same 
appearance  ;  and  Messrs.  Fougeraux,  Cadet,  and  Lavoisier,  drew 
up  a  particular  report  on  the  first  of  them.  They  state,  that  oq 
the  18th  of  September,  1768,  between  four  and  five,  afternoon, 
there  was  seen  near  the  village  of  Luc^,  in  Le  Maine,  a  cloud,  in 
which  a  short  explosion  took  place,  followed  by  a  hissing  noise, 
but  without  any  fiame ;  that  some  persons  about  ten  miles  from 
Luc6  heard  the  same  sound  ;  looking  upwards,  they  perceived  ao 
opaque  body  describing  a  curve  line  in  the  air,  and  fall  on  a  piece 
of  green  turf  near  the  high  road ;  that  they  immediately  ran  to  this 
place,  where  they  found  a  kind  of  stone,  half  buried  in  the  earth, 
extremely  hot,  and  weighing  about  7-|-Ib. 

July  24,  1790,  between  nine  and  ten  at  night,  a  shower  of 
stones  fell  near  Agen,  in  Guienne,  near  the  south-west  angle  of 
France.  First,  a  luminous  ball  of  fire  was  seen,  traversing  the 
atmosphere  with  great  rapidity,  and  leaving  behind  it  a  train  of 
light  which  lasted  about  fifty  seconds ;  soon  a  loud  explosion  was 
heard,  and  sparks  were  seen  fiying  off  in  all  directions.  This  was 
soon  after  followed  hv  the  fall  of  stones,  over  a  considerable 
extent  of  ground,  and  at  various  distances  from  each  other.  These 
were  all  alike  in  appearance,  but  of  many  different  sizes,  the 
greater  number  weighing  about  two  ounces,  but  many  a  vast  deal 
more :  some  fell  with  a  hissing  noise,  and  entered  the  ground,  but 
the  smaller  ones  remained  on  the  surface.  The  shower  did  no 
considerable  damage,  only  breaking  the  tiles  of  some  houses.  All 
this  was  attested  in  a  proce^s-verbal,  signed  by  the  magistrates  of 
the  municipality ;  it  was  further  substantiated  by  the  testimony  of 


•eftnl  koBdrcd  penouy  inhibilMiti  of  Ae  piMt  |  sad  Miid 
leahied  mca  wrote  tbo  vorj  mim  oceouit  to  tiieir  fdontiio  OMRb 
fctpondents ;  one  of  those  (ton  of  the  oelebimtied  cheaiet  lb 
l>AH:et)  mentiont  two  additioiMa  and  ivportsnt  cjmifmm 
from  hif  own  obferration :  Tit.  tbat  the  itonei,  when  the7  feQ  o« 
the  hooies,  had  not  the  tonnd  of  hard  and  coaipact  rabelneit^ 
but  of  a  matter  in  a  loft,  balf.melted  ttate ;  and  that  each  of 
as  fell  opon  straws  adhei^  to  them,  so  as  not  to  be  easily 
rated*  That  these  stones  broke  the  roofs  of  houses,  aiid  ireve 
fonnd  with  pieces  of  straw  tndet,  and  adhering  to  them.  Is  aelear 
proof  of  their  fiilling  from  abore,  and  in  a  state  of  ftssioii. 

December  18,  1705,  seTeral  pefsons,  near  Captain  To|ikani% 
honse^  in  Yorkshire,  heard  a  load  noise  in  the  Ur,  followod  bf  d 
hissing  soand,  and  soon  after  felt  a  shock^  u  if  a  heaitj  bodj  hai 
Allien  to  the  ground  at  a  little  distance  liNnn  tbcms  in  fisctf  os»of 
them  sawa  hoge  stone  fall  to  the  earth,  at  eight  orninefardsfipsal 
the  place  where  he  stood;  It  was  teten  or  eight  jraida  A«tw  th* 
ground  whett  he  first  oBsefred  It :  inltsfidl  it  threwnptlwMinll 
On  erery  side,  tnd  buried  itself  twett^«one  Ihches  deep:  Aostnne^ 
being  raised,  was  foood  to  weigh  56ib. 

March  the  17th,  1708,  a  bodf,  barding  Tery  brightlf ,  pnssai 
oyer  the  ticinity  of  Ville  Franche,  oii  the  Saoiie,  a  little  to  the 
east  of  Lyotis,  in  France,  accompanied  with  a  hissing  noise,  and 
learing  a  luminous  track  behind  it.  This  phenoflseoon  exploded 
irith  a  great  noise,  about  1300  feet  from  th<»^  ground ;  and  one-  of 
the  splinters,  still  luteinous,  being  obserred  to  fall  in  a  neighbour. 
Ing  tinejrard,  was  traced :  at  the  spot  a  stone  was  found,  alyont  a 
fbot  diameter,  which  had  penetrated  twenty  inches  Into  the  grounds 

While  these  circumstances  in  Europe  were  daily  confirming  the 
original,  but  long  exploded  idea  of  the  Tulgar,  that  many  of  Ao 
luminous  meteors  observed  in  the  atmosphere,  are  masses  of  jolted 
matter,  an  account  of  a  phenomenon,  of  precisely  the  same  ded 
scripdon,  wss  receired  from  the  East  Indies,  Touched  by  authority 
particularly  well  adapted  to  procure  general  fespect.  Mr.  WIU 
Hams,  F.R.S.  residing  in  Bengal,  hearing  of  on  explosion,  with  s 
descent  of  stones,  in  the  proTinbe  of  Bahar,  diligently  enquired 
into  the  circumstances,  among  the  Europeans  on  the  spot.  Hlf 
learned,  that  on  December  19,  1708,  at  eight  o'clock  in  the  eren. 
Ing,  a  large  fire  ball,  or  Imainous  meteor,  was  seen  at  Benarevf 
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tfid  odier  parts  df  the  covntrj :  that  it  was  attended  with  a  loud 
rambling  noise ;  and  that,  about  the  same  time,  the  inhabitants  of 
Krakhnt,  fourteen  miles  from  Benares,  saw  the  light,  heard  like 
a  loud  thunder.cUip,  and  immediately  after  heard  the  noise  of 
beaTj  bodies  falling  in  the  neighbourhood.  Next  morning  the 
mould  in  the  fields  was  found  to  hare  been  turned  up  in  many 
spots ;  and  unusual  stones  of  yarious  siies,  but  of  the  same  sub* 
stances,  were  picked  out  of  the  moist  soil,  generally  from  a  depth 
of  six  inches.  As  the  occurrence  took  place  in  the  night,  after 
'  the  people  had  retired  to  rest,  the  explosion  and  the  fiall  of  the 
stones  were  not  seen  :  but  the  watchman  of  an  English  gentleman, 
near  Krakhut,  brought  him  a  stone  the  next  mornings  which  he 
said  had  fallen  through  the  top  of  his  hut,  and  buried  itself  in  the 
earthem  floor. 

Seferal  of  the  preceding  accounts  notice  the  material  circum. 
stance,  of  damage  done  to  interposed  objects  by  the  falling  stones. 
In  one  instance,  not  yet  mentioned,  still  more  distinct  traces- were 
left,  to  show  that  their  progress  was  through  the  air :  riz.  during 
the  explosion  of  a  meteor  near  Bourdeaux,  the  20th  of  August 
1789,  a  stone,  about  fifteen  inches  diameter,  fell  through  the 
roof  of  a  cottage,  and  killed  a  herdsman  and  some  cattle.  Part 
of  this  stone  is  now  in  the  Museum  of  the  Right  Honorable  Charles 
Grerille,  and  the  rest  in  that  of  Bourdeaux.  See  Mr.  GreTille'i 
paper  in  the  Phil.  Trans,  for  1803,  pt.  1. 

Hence  it  seems  quite  impossible  to  deny  very  great  weight  to  all 
these  testimonies,  and  many  others  that  might  be  giren ;  sereral  of 
them  by  intelligent  eye.witnesses,  and  others  by  more  ordinary 
persons  indeed,  but  prepossessed  by  no  theory ;  all  concurring  in 
their  descriptions ;  and  examined  by  acute  and  respectable  persons, 
immediately  after  the  phaenomena  had  occurred.  Without  offering 
any  further  remarks  then,  on  this  mass  of  external  eridence,  we 
dial!  only  just  notice  the  main  points  which  it  seems  to  substantiate 
in  a  Tery  satisfactory  manner,  it  proTes  then,  that,  in  Tarioua 
parts  of  the  world,  luminous  meteors  have  been  seen  moying 
through  the  air  with  surprising  rapidity,  in  a  direction  more  or 
less  obliqup,  accompanied  with  a  noise,  commonly  lilie  the  whic. 
aing  of  large  shot,  followed  by  explosion,  and  the  fail  of  hard, 
atony,  or  semimctallic  masses,  in  a  heated  state.  The  constant 
whiazing  sound ;  the  fact  of  stones  being  fonnd^  similar  to  eacb 
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•tter,  bill  mMm  rtU  ^lliHt  is  tiM  ntiibbonriKwiy  •!««•  ipili 
^toMffti  #U«k  tk«  ImAwm  -bodj  or  Mf  frtgamte  wnt  mm  iv 
Mite ;  ike  icMterhig  or  pkraghiag  up  of  the  toil  at  ihoee  ^Miif 
•liriye in yrepoitioo  lotKe rfie  of  Ike  iloMt;  tke  rnMimiM  of  i 
Ike  ndgkbooriof  .groMd  et  4he  CkM ;  tod  eipedaDj  Ike  iapii^i^ 
of  tke  9tamm  on  bodiei  sonewhet  akove  tke  eertk,  or  Ijrkyleeie 
on  its  sorfaee — ere  cfareumsteacet  perfeetlj  well  ftatktiiliooteiliki 
tboie  reports ;  profkf  that  sack  meteors  are  naaallj  InlaaMd'kaBd 
messes,  desoendiag  rapidly  throngh  the  sir  to  the  earth. 

Hating  drawn -tlib  conclusion  fron  tke  considsralion  of-lht 
sore  plain  and  oknons  circnmstances  of  these  stoaeaand  saeleaas; 
we  mmj  now  adrert  to  those  of  the  more  ckiee  and  inliaala^ai- 
ainafkNi  of  the  stones  thennehes :  and  this  we  fad  «t  m» 
strengthening  the  foregoing  conclusion,  and  condncting  to  a  fpilhit 
knowledge  of  the  snlgeet,  than  is  alfoided  hjr  tke  sesa-eotmsl 
ofidence  only. 

Tke  reporfa  -of  all  thoee  persons  who  saw  and  okasifad  Ake 
meteors,  and  found  tke  stones  in  tke  sereral  iplaeasy  alter  ttomu 
plosfons,  nnlfbrmly  agree,  in  descriliing  ttose  snkstanoaa  oO'dM* 
fSerent  fram  all  tke  neighbouring  bodies,  and  m  piasiinU^^  in 
overj  case,  tlM  saaie  estemal  appearance  of  semLdneiallio  mMsry 
coated  on  the  outside  with  a  thin  black  crust,  and  )»eaiis^  strong  * 
merles  of  recent  fusion.  Besides  this  general  resemblance,  okvioas 
to  the  most  ordinary  inspection,  many  of  those  sia^lar  snbetaaees 
have  been  most  carefally  eiamined  by  some  of  tke  first  ekemists 
and  naturalists  of  tke  age,  and  their  inrestigations  kaio  pot  us  In 
possession  of  a  mass  of  information,  sufficient  to  oonfinoa  tke 
most  scmpnlous  inquirer,  that  the  bodies  in  question  have  a  oass- 
mon  origin,  'und  that  we  are  totally  unacquainted  with  anf  nalnrel 
process  which  could  hare  formed  them  on  our  globe. 

The  more  nloe  and  chemical  eiamioation  of  tiMse  atones  k«f 
been  made  by  Messrs.  l>e  la  Lande,  Larobier,  FoogsmnSf  Cadet, 
Vauquelin,  Barthold,  Count  de  JSoumon,  our  leained  conntij. 
man,  Mr.  Howard,  and  sereral  other  ingenious  men  ;  and  all  ilwir 
reports  agree  in  representing  them  of  a  similar  nature  and  oonipo- 
sition,  formed  of  the  same  simple  materials,  of  nearly  the  sane 
speclic  weight,  and  with  rery  sl^ht  variations  in  the  propoitlens 
•f  tiM  component  parts,  forming  the  aggregate  of  these  mamas 
Mr.  Howard  and  the  Count  da  Boumon  found  that  tko  iSjieaiie 
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gwrMes  of  all  the  ttones  were  nearlj  the  same,  exeepting  that  the 
greater  abundance  of  iron  in  one  of  them  earned  a  coniklerable 
Increase  in  its  graritj. 

From  their  researches  it  ap.  Spec.  Grar. 

pears,  that  the  speeific  graTities        The  Enisheim  stone. .  3933 

of  some  of  the  more  remarkable  Benares 336) 

atones,   are  as  in  the  annexed  Sienna    3418 

ti|Me,  considering  1000  as  the  6assendi*8 3468 

proportionate  nnmber   for  the  Yorkshire 3608 

spedfie  graTity  of  water.    From  Bachelay's 3535 

whence  it  appears,  that  in  this  Bohemia, 42 tl 

respect  tliey  greatly  exceed  all 

the  known  ordioary  stones,  and  approach  to  those  of  the  metallic 

OPBS* 

AH  the  stones  examined  by  Count  de  Boornon  and  Mr,  Howard 
were  found  to  consist  of  foar  distinct  substances,  tix.  small  me« 
talKe  particles,  a  peculiar  martial  pyrites,  a  number  of  giobnlar 
and  ellipHcal  bodies,  also  of  a  peculiar  nature,  and  an  earthy 
oement  surrounding  the  other  component  parts.  The  nature  off 
the  metallic  particles  was  the  same  in  all,  being  in  each  an  alloy 
of  Iron  and  nickel.  In  the  pyrites,  nickel  as  well  as  iron  was 
ittected;  and  the  easy  decomposition  of  the  pyrites,  by  muriatic 
add,  aflbrded  a  distinguishing  character  of  that  substance.  The 
globules  contained  silica,  magnesia,  and  oxides  of  nickel  and  iron. 
The  earthy  cement  consisted  of  the  same  substances,  yery  nearly 
in  the  same  proportions. 

M.  Vanquelhi  also,  about  the  same  time  as  Mr.  Howard,  ana* 
lysod  tlM  Benares  stones,  and  two  others  which  fell  in  1789  and 
1780,  In  the  south  of  France ;  and  the  results  of  his  experiments 
agreed  with  tliose  of  Mr.  Howard  in  erery  particular.  So  tluit 
Ve  are  now  authorised  to  conclude,  that  the  stones  which  hare  at 
iMfcrept  times  fallen  down  on  the  earth,  in  England,  France^ 
Italy,  and  India,  are  exactly  of  the  same  nature,  consisting  of  the 
ansae  simple  substances  arranged  in  similar  compounds,  in  nearly 
Ae  same  proportions,  and  in  the  same  manner  combined,  so  as  to 
4bnn  heterogeneous  aggregates,  whose  general  resemblance  to  each 
«Clier  is  complete.  We  are  hence  also  warranted  in  another  Im* 
portent  inference,  tIz.  that  no  other  bodies  hare  as  yet  l>een  dis« 
vorered  on  our  globe,  which  contain  the  same  ingredients ;  and 
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that  tbe  analTsii  of  these  stones  has  brought  us  acquainted  witt  a 
species  of  pyrites  not  formerly  known,  nor  any  where  else  to  he 
found. 

The  general  analogy  between  these  stones,  and  the  massea  of 
natiye  iron  that  hafe  been  found  in  different  parts  of  the  woiMy 
was  too  striking  to  escape  the  notice  of  the  eminent  inquirers  who 
haye  inyestigated  this  subject.  They  resemble  each  other  in  their 
external  character,  though  not  so  closely  as  the  stones  themsetrei ; 
but  in  one  circumstance  of  their  chemical  composition  they  have  a 
notable  similarity,  both  among  themseWes,  and  to  the  stony  sob* 
stances.  M.  Proust  had  before  proved,  that  the  enormous  mass  of 
native  iron  found  in  South  America,  contained  in  its  compositto 
a  large  portion  of  nickel.  Mr.  Howard  has  been  led  to  the  aanw 
conclusion  by  analyzing  another  portion  of  the  same :  and  he  has 
also  found,  that  the  like  solitary  masses  discovered  in  SHieria, 
Bohemia,  and  Senegal,  contained  a  miiture  of  the  same  metal 
with  iron,  though  in  various  proportions.  The  Bohemian  irmi  is 
an  alloy,  of  which  nickel  forms  eighteen  parts  in  100;  in  the 
Siberian  iron  it  forms  seventeen  ;  and  in  the  Senegal  iron  five  or 
six.  But  what  is  still  more  striking,  and  tends  to  put  the  similarity 
of  their  origin  beyond  all  doubt,  the  Siberian  mass  is  interspersed 
with  cavities,  containing  an  earthy  substance,  of  the  very  same 
nature  as  the  earthy  cement  and  globules  of  the  Benares  stone ; 
and  the  proportions  of  the  ingredients  are  also  nearly  alike,  except 
only  in  the  oxide  of  iron,  which  is  considerably  less  in  the  Siberian 
earth.  This  remarkable  fact  greatly  strengthens  the  idea,  that  the 
Siberian  iron  owes  its  origin  to  the  same  causes  which  formed  and 
projected  the  different  stones  that  have  fallen  through  the  air  on  the 
earth ;  and,  joined  to  the  other  details  of  the  analysis,  it  naturally 
leads  us  to  conclude,  that  the  masses  of  native  iron,  as  they  are 
called,  differ  in  no  respect  from  the  metallic  particles,  or  the  alloy 
of  iron  and  nickel,  which  constitute  one  of  the  four  aggregate 
parts  in  every  stone  of  this  kind  hitherto  examined. 

Concerning  the  Siberian  iron,  there  exists  a  general  traditioB  of 
the  Tartars,  that  it  formerly  fell  from  the  heavens.  In  additioB 
to  which,  a  pretty  authentic  testimony  has  been  lately  found,  to 
prove  the  fall  of  a  similar  body  in  India.  The  Right  Honourable 
Charles  Greville  has  communicated  to  tbe  Royal  Society  (Phil. 
Trans.  1803,  p(.  1)  a  very  interesting  paper,  translated  from  tho 
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•mperor  Tchangire's  Memoirs  of  his  own  reign.  The  prince 
relates,  that  ip  the  year  1620,  of  our  aera,  a  Tiolent  eiplosion  was 
heard  at  a  Tillage  in  the  Panjaub,  and  at  the  same  time  a  luminous 
body  fell  through  the  air  on  the  earth.  That  the  officer  of  tha 
district  immediately  repaired  to  the  spot  where  it  was  said  tha 
body  fell,  and  having  found  the  place  to  be  hot,  he  caused  it  to  be 
digged,  on  which  he  found  the  heat  kept  iacreasing  till  they  reached 
n  lump  of  iron  TJolently  hot.  That  this  was  sent  to  court,  where 
the  emperor  had  it  weighed  in  his  presence,  and  ordered  it  to  be 
forged  into  a  sabre,  a  knife,  and  a  dagger  ;  that,  after  trial,  the 
workmen  reported  it  was  not  malleable,  but  shivered  under  the 
hammer :  and  that  it  required  to  be  mixed  with  one  third  part  of 
common  iron,  after  which  the  mass  was  found  to  make  excellent 
blades.  The  royal  historian  adds,  that  on  the  incident  of  this  iron 
of  lightning  being  manufactured,  a  poet  presented  him  with  a 
distich,  that,  ^^  during  his  reign,  the  earth  attained  order  and 
regularity ;  that  raw  iron  fell  from  lightning,  which  was,  by  hit 
world.8ubduing  authority,  conyerted  into  a  dagger,  a  knife,  and 
two  sabres." 

.  The  exact  resemblance  of  this  occurrence,  in  all  its  essential 
circumstances,  to  the  former  accouuts  of  fallen  stones,  and  the 
particular  remark  on  the  unmalleable  nature  of  the  iron,  gt?e  a 
high  degree  of  credibility  to  the  whole  narrative,  and  throw  addi« 
tional  weight  on  the  inference  before  drawn  from  internal  eyidence) 
that  the  solitary  masses  of  native  iron  found  in  different  quarters 
of  the  globjp,  liave  the  same  origin  with  the  stones  analysed  bjr 
Howard  and  Vauquelin. 

.  Having  now  given  a  summary  of  the  facts  and  evidence,  as  well 
with  regard  to  the  circumstances  attending  these  singular  bodies^ 
as  the  ingredients  they  are  composed  of,  and  their  outward  appear* 
ance  and  structure,  we  are  now  to  consider  what  inferences  re* 
specting  their  probable  origin,  may  be  drawn  from  this  mass  of 
information.  And  indeed  we  may  safely  conclude,  as  it  has  been 
inferred  from  the  whole,  by  the  philosophers  best  qualified  to 
judge  of  the  circumstances,  as  follow,  viz.  that  the  bodies  in  ques* 
tion  have  fallen  on  the  surface  of  the  earth ;  but  that  they  were 
not  projected  by  any  terrestrial  volcanoes ;  and  that  we  have  no 
right,  from  the  known  laws  of  nature,  to  suppose  that  they  were 
ioim^  in  the  upper  regions  of  the  atmosphere.    Such  a  native 

3i3 


4fl(i  nmoiuo  n»nt. 

atiielBiim  bu  kMi  tteafhl  mU  thit  mt'pra^  la  flwvptHBJ  itili  tf 
Mr  ki)0wMi«9  mtitltd  to  dnw. 

In  tkb  embtrraiiBg  prediaiiMnt,  ilM  lotti  want  of  mof  othit 
potsHile  way  of  tccouatiiig  for  t)w  origin  ol  tftow  bodioty  an  iiii 
kaa  baan  itartad,  perhapi  at  &rU  owrdy  al  laadov,  that  aifeaa 
thara  ia  bo  othar  pottfirfa  maaiiar  of  acGoonliog  for  ilMai,  tbaa 
thay  moit  baia  droppad  fnnli  Ihe  moon.  And,  indaaJ|  tMi 
iiogular  thoaght.kas  now  adranoed  into  a  aeriooa  bjfallwii% 
widchy  it  mutt  ba  allowed^  U  oaiocniibarad  with  anj  of  Iha  iaaiM 
going  diScnltias :  ba?lng  at  kait  poMlbiUtj  ia  its  fa? ow^  n4M 
no  othar  hjpotbaihi  jat  propoiad  can  dahn. 

▲s  (ba  attraatton  of  gravitation  extendi  through  the  wbala 
planetary  fjrstenii  a  body,  pbioed  at  the  tnrfiioe  of  the  aMoa,  la 
aiectad  chieiy  by  two  forceiy  one  drawing  it  toward  the  centre  af 
the  earth,  and  another  drawing  it  toward  that  of  the  maon.  The 
latter  of  theie  foroM,  however,  near  the  moon's  snrfaee^  b 
paraUy  the  greater.  Bat  ai  we  recede  from  th4  moaa, 
approach  toward  the  earth,  thii  force  decreaaci,  while  tim  alhav 
augmenti ;  till  at  length  a  point  of  stotion  is  found  betwaaa  dm 
two  planeti,  where  these  Ibrcce  are  exactly  eqnal ;  so  that  a  bodlyi 
placed  there,  mnst  remain  at  rest ;  but  if  it  be  removed  still  aeaiar 
to  the  earth,  then  this  planet  would  have  the  superior  attracttoa, 
and  the  body  must  fall  towards  it  If  a  body  then  be  projected 
from  the  moon  towards  the  earth,  with  a  force  sufficient  to  carry 
it  beyond  this  point  of  equal  attraction,  it  must  necessarily  fiill  on 
the  earth.  Such  then  is  the  idea  of  the  manner  in  which  the  bodies 
must  be  made  to  pass  from  the  moon  to  the  earth,  if  that  can  ba 
done ;  the  pottibiliiy  of  which  is  now  necessary  to  be  considered* 

Now  supposing  a  mass  to  be  projected  from  the  mocm^  in  a 
direct  line  towards  the  earth,  by  a  volcano,  or  by  the  productloa 
of  steam  by  subterranean  heat ;  and  supposing  for  the  present 
those  two  planets  to  remain  at  rest ;  then  it  has  been  demonstrated^ 
on  the  Newtonian  estimation  of  the  moon's  mass,  that  a  force 
projecting  the  body  with  a  velocity  of  13,000  feet  in  a  seeaad, 
would  be  sufficient  to  carry  it  beyond  the  point  of  equal  attiac. 
tion.  But  this  estimate  of  the  moon's  mass  is  now  allowed  to  ba 
much  above  the  truth ;  and  an  M.  La  Pkoe's  calcukUiun  it  appearsi 
that  a  force  of  little  more  than  half  the  above  power  would  ba 
sufficient  to  produce  the  effect ;  that  is,  a  force  oqpable  of  pnj^eU 
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fog  ■  feodjp  mHk  «  Tsiodty  of  kit  tlM  »  mite  tad  a  Mf  ptr 
weofld.  Bat  we  hsfe  kiiowa  oMaon  balli  pnjacted  bjr  tha  fofa» 
of  gmipowder,  wM  a  Telodty  of  95CX)  feet  per  teoofidy  or  vp. 
w««d» ;  ttiat  It)  about  latlf  a  mile.  It  followt,  therefore,  tbeta- 
pMjfecttle  force,  eommanicating  a  yelocity  aboat  three  timet  thali 
of  a-camoD  ball,  woald  be  tafficient  to  throw  the  bady  from  the 
mo^n  beyond  the  point  of  equal  attractfon,  and  cante  it  to  reach- 
tfw  eaKh.  Now  there  can  be  little  doubt  that  a  force  equal  ta 
tlai^ia  eierted  by  Tolcanoet  on  the  earthy  at  well  at  by  the  pro* 
daattoa*  ef  tieam  from  snbterranean  beat,  when  we  conrider  the 
InqfO  aattet  of  rock,  to  many  timet  larger  than  cannon  ballf^ 
on  sneh  occationt  to  heightt  alto  to  mach  greater.  We 
eatHy  Imagine,  too,  toch  caute  of  modon  to  exitt  In  the  moon, 
aa^arall  at  in  the  earth ;  and  that  in  a  tuperior  degree^  if  we  maf 
jodga  irooi  the  tupposed  tyraptomt  of  tolcanoet  recently  obtenred 
he  tiM  moon,  by  the  powerfnl  tnbet  of  Dr.  Hertchel :  and  tdll 
mm€j  M  we  contMer  that  all  ppq}ectlont  from  the  earth  tnffer  an 
enomottt  retlttance  and  diminution,  by  the  denie  atmotphere  of 
this  planet;  while  it  hat  been  rendered  probable,  from  optical  con. 
aillnratbnt,  tiiat  the  moon  hat  little  or  no  atmosphere  at  all,  to 
glee  aay  toch  retlttance  to  projectiles. 

That  then  we  are  fiilly  authorised  in  concluding,  that  the  cata 
ofpo€tidiiiiiy  it  completely  made  out;  that  a  known  power  ezistt 
ha  natare,  capable  of  producing  the  foregoing  effect,  of  detaching 
a  naat  of  matter  from  the  moon,  and  transferring  it  to  the  earth. 
In  the  form  of  a  flaming  meteor,  or  burning  stone ;  at  the  same 
time  we  are  utterly  ignorant  of  any  ether  process  in  nature  1^ 
which  the  tame  phenomenon  can  be  produced.  Havhig  thas  diu 
covered  a  way  In  which  it  it  possible  to  produce  those  appearanoet, 
we  shall  now  endeavour  to  shew,  from  all  the  concomitant  cireunu 
atences,  that  these  accord  exceedingly  well  with  the  natural  effectt 
of  the  tuppoted  caute,  and  thence  gire  it  a  ?ery  higb  degree  of 
probabikiy. 

Thhi  Important  desideratum  will  perhapa  be  beat  attamed,  by 
eaamioing  the  conseqneneet  of  a  substance  supposed  to  be  pro* 
jected  by  aTolcaao  from  the  moon.  Into  the  sphere  of  the  earth'a 
iupeHor  attraction ;  and  then  comparing  those  with  the  known  and 
irislble  phssnoaiena  of  the  blaiing  meteore,  or  homing  tlonet,  that 
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firil  through  the  air  oa  the  Mrth.  A«d  if  in  this  coaptrison  • 
•trikiog  coincidenee  or  rcsemblanco  shall  always  or  mostlj  be 
fonnd,  il  will  be  difficolt  for  the  human  mind  to  resist  the  persaa. 
sioD)  that  the  assumed  cause  in?olTes  a  degree  of  probabllitj  but 
little  short  of  certainty  itself.  Now  the  chief  phsenomena  attend- 
ing these  blaiiog  meteors,  or  burning  stones,  are  these :  !•  That 
they  appear  or  blaze  out  suddenly.  3.  That  they  moTO  with  a 
surprising  rapid  motion,  nearly  horiiontal,  but  a  little  inclined 
downwards.  3.  That  they  more  in  several  different  directkMiS) 
with  respect  to  (he  points  of  the  compass.  4.  That  in  their  flight 
they  yield  a  loud  whizsing  sound.  6.  That  they  commonly  burst 
with  a  violent  eiplosion  and  report.  6.  That  they  fail  on  tho 
earth  with  great  force,  in  a  sloping  direction.  7*  That  they  aiw 
Tery  hot  at  first;  remain  hot  a  considerable  time;  and  exhibit 
Tisible  tokens  of  fusion  on  their  surface.  8.  That  the  fallen  stony 
masses  haye  all  the  same  external  appearance  and  contexture^  as 
well  as  internally  tiie  same  nature  and  composition.  9.  That  thqr 
are  totally  different  from  all  our  t^rreistri^l  bodies,  both  natoral 
and  artificial. 

Now  these  pbasnomena  will  naturally  compare  with  the  drenm- 
stances  of  a  substance  projected  by  a  lunar  Tolcano,  and  in  the 
order  in  which  they  are  here  enumerated.  And  first  with  respect 
to  the  leading  circumstance,  that  of  a  sudden  blazing  meteoric  ap* 
pearance,  which  is  not  that  of  a  small  bright  spark,  first  seen  at  an 
immense  distance,  and  then  gradually  increasing  with  the  diminu^ 
tion  of  its  distance.  And  this  circumstance  appears  Tery  naturally 
to  result  from  the  assumed  cause.  For,  the  body  being  projected 
from  a  lunar  Tolcano,  may  well  be  supposed  in  an  ignited  state,  like 
inflamed  matter  thrown  up  by  our  terrestrial  Tolcanoes ;  which^ 
passing  through  the  comparatively  vacuum,  in  the  space  between 
the  moon  and  the  earth's  sensible  atmosphere,  it  will  probably 
enter  the  superior  parts  of  this  atmosphere  with  but  little  diminn* 
tion  of  its  original  heat ;  from  which  circumstance,  united  with 
that  of  its  violent  motion,  this  being  ten  or  twelve  times  that  of  a 
cannon  ball,  and  through  a  part  of  the  atmosphere  probably  con* 
sisting  chiefly  of  the  inflammable  gas,  rising  from  the  earth  to  the 
top  of  the  atmosphere,  the  body  may  well  be  supposed  to  become 
auddenly  inflamed^  as  the  natural  efiect  of  these  circumstances ; 


M£TSOAIC  STOMBS.  48§ 

indeed  it  would  be  surprising  if  it  did  not.  From  whence  it  af^ 
pears,  that  the  sudden  inflammation  of  the  body,  on  entering  the 
earth's  atmosphere,  is  exactJy  what  might  be  expected  to  happen. 
2.  Secondly,  to  trace  the  body  through  the  earth's  atmosphere ; 
we  are  to  observe,  that  it  enters  the  top  of  it  with  the  great 
Telocity  acquired  by  descending  from  the  point  of  equal  attraction, 
which  is  such  as  would  carry  the  body  to  the  earth's  surface,  in  a 
Tery  few  additional  seconds  of  time,  if  it  met  with  no  obstruction. 
But  as  it  enters  deeper  in  the  atmosphere,  it  meets  with  still  more 
and  more  resistance,  from  the  increasing  density  of  the  atmo» 
sphere ;  by  which  the  great  Telocity  of  six  miles  per  second  must 
soon  be  greatly  reduced  to  one  that  will  be  uniform,  and  only  a 
small  part  of  its  former  great  Telocity.  This  remaining  part  of  its 
motiofi  will  be  Tarious  in  different  bodies,  being  more  or  less  at 
the  body  is  larger  or  smaller,  and  as  it  is  more  or  less  specifically 
haaTy :  but,  for  a  particular  instance,  if  the  body  were  a  globe  of 
twelve  inches  diameter,  and  of  the  same  gravity  as  the  atmospheric 
stones,  the  motion  would  decrease  so  as  to  be  little  more  than  a 
quarter  of  a  mile  per  second  of  perpendicular  descent.  Noif 
while  the  body  is  thus  descending,  the  earth  itself  is  affected  by  a 
two.fold  motion,  both  the  diurnal  and  the  anuual  one,  with  both 
of  which  the  descent  of  the  body  is  to  be  compounded.  The 
earth*s  motion  of  rotation,  at  the  equator,  is  about  seventeen 
miles  in  a  minute,  or  two.soTenths  of  a  mile  in  a  second :  but  in 
the  middle  latitudes  of  £urope  little  more  than  the  half  of  that,  or 
little  above  half  a  quarter  of  a  mile  in  a  second  :  and  if  we  com* 
pound  this  motion  with  that  of  the  descending  body,  as  in  mecha. 
nics,  tJus  may  cause  the  body  to  appear  to  descend  obliquely^ 
though  but  a  little,  the  motion  being  nearer  the  perpendicular  than 
the  horizontal  direction.  But  the  other  motion  of  the  earth,  or 
that  in  its  annual  course,  is  about  twenty  miles  iu  a  second,  which 
b  eighty  times  greater  than  the  perpendicular  descent  in  the  in. 
stance  above-mentioned :  so  that,  if  this  motion  be  compounded 
with  the  descending  one  of  the  body,  it  must  necessarily  give  it  the 
appearance  of  a  very  rapid  motion,  in  a  direction  nearly  parallel 
to  the  horizon,  but  a  little  declining  downwards.  A  circumstance 
wliicb  exactly  agrees  with  the  usual  appearances  of  these  meteoric 
bodies,  as  stated  in  the  second  article  of  the  enumerated  phae« 
nomena. 
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3.  Again,  with  regard  to  the  appsrcnt  direction  of  tbe  bodf, 
this  will  eTidently  be  Tarions,  being  that  compounded  of  the  bodj*9 
descent,  and  the  direction  of  the  earth's  annual  motion  at  the  time 
of  the  fall,  which  is  itself  Tsrious  in  the  different  seasons  of  the 
year,  according  io  the  direction  of  the  serend  points  of  the  edlptie 
to  the  earth's  meririian  or  axis.  Usnally,  howerer,  from  the  great 
excess  of  the  earth's  motion,  abore  that  of  tlie  falling  body,  tha 
direction  of  this  must  appear  to  be  nearly  opposite  to  that  of  the 
former.  And  rn  fact  this  exactly  agrees  with  a  remark  made  by 
Dr.  liulley,  in  his  account  of  the  meteors  in  his  paper  abore  gfreni 
where  he  says  that  the  direction  of  the  meteor's  motion  was  exactly 
opposite  to  that  of  the  earth  in  her  orbit.  And  if  this  shall  gene, 
rally  be  found  to  be  the  case,  it  will  proTo  a  powerful  confirmatioo 
of  this  theory  of  the  lunar  substances*  Unfortunately,  howerer, 
the  observations  on  this  point  are  rery  few,  and  mostly  inacenrate: 
tile  angle  or  direction  of  the  fallen  stones  has  not  been  recorded; 
and  that  of  the  flying  meteor  commonly  mistaken,  all  the  Tarioof 
observers  giving  it  a  different  course,  some  even  directly  the  re. 
verse  of  others.  In  future,  it  will  be  very  advisable  that  the 
observers  of  fallen  stones,  observe  and  record  the  direction  or 
bearing  of  the  perforation,  made  by  the  body  in  the  earfli,  which 
will  give  us  perhaps  the  course  of  the  path  nearer  than  any  other 
observation. 

4.  In  the  flight  of  these  meteoric  stones,  it  is  commonly  obserrm 
ed  that  they  yield  a  loud  whizzing  sound.  Indeed  it  wonld  be 
surprising  if  they  did  not.  For  if  the  like  sound  be  given  by  the 
smooth  and  regularly  formed  cannon  ball,  and  heard  at  a  consider- 
able distance,  how  exceedingly  great  must  be  that  of  a  body  so 
much  larger,  which  is  of  an  irregular  form  and  surface  too,  and 
striking  the  air  with  50  or  100  times  the  velocity. 

5.  That  they  commonly  burst  and  fly  in  pieces  in  their  rapid 
flight,  is  a  circumstance  exceedingly  like  to  happen,  both  firom  the 
violent  state  of  fusion  on  their  surface,  and  from  the  extreme 
rapidity  of  their  motion  through  the  air.  If  a  grinding. stone, 
from  its  quick  rotation,  be  sometimes  burst,  and  fly  in  piecei ; 
and  if  the  same  thing  happen  to  cannon-balls,  when  made  of  stone, 
and  discharged  with  considerable  velocity,  merely  by  the  friction 
and  resistance  of  the  air ;  how  much  more  is  the  same  to  be  ex. 
pected  to  happen  to  the  atmospheric  stones,  moving  with  more 
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than  fifty  tiiii€8  th*  Telocity,  and  when  their  surface  may  well  be 
supposed  to  be  partly  loosened  or  dissoWed  by  the  eatremity  of 
the  heat  there* 

6.  That  the  stones  strike  the  ground  with  a  great  force,  and 
penetrate  to  a  considerable  depth,  as  is  usually  observed,  is  a 
circumstance  only  to  be  expected,  from  the  extreme  rapidity  of 
their  motion,  and  their  great  weight,  when  we  consider  that  a 
cannon  bail,  or  a  mortar  shell,  will  often  bury  itself  many  inches^ 
or  eten  some  feet,  in  the  earth, 

7.  That  these  stones,  when  soon  sought  after  and  found,  are 
Hot,  and  exhibit  the  marks  of  recent  fusion,  are  also  the  natural 
consequences  of  the  extreme  degree  of  inflammation  in  which  their 
surface  had  been  put  during  their  flight  through  the  air. 

8.  That  these  stony  masses  hate  all  the  same  external  appear- 
ance and  contexture,  as  well  as  internally  the  same  nature  and 
composition,  are  circumstances  that  strongly  point  out  an  identity 
of  origin,  whatever  may  be  the  cause  to  which  they  owe  so  gene* 
rally  uniform  a  conformation.  And  when  it  is  considered,  Othly, 
that  in  those  respects  they  differ  totally  from  all  terrestrial  corapo« 
altlons  hitherto  known  or  discovered ;  they  lead  the  mind  strongly 
to  ascribe  them  to  some  other  origin  than  the  earth  we  inhabit ; 
and  none  so  likely  as  coming  from  our  neighbouring  planet. 

Upon  the  whole  then  it  appears  highly  probable,  that  the  flaming 
meteors,  and  the  burning  stones  that  fall  on  the  earth,  are  one  and 
the  same  thing.  It  also  appears  impossible,  or  in  the  extremest 
degree  improbable,  to  ascribe  these,  either  to  a  formation  in  the 
superior  parts  of  the  atmosphere,  or  to  the  eruptions  of  terres. 
trial  volcanoes,  or  to  the  generation  by  lightning  striking  the 
earth.  But,  on  the  other  hand,  that  it  is  possible  for  such  massea 
to  be  projected  from  the  moon  so  as  to  reach  the  earth ;  and  that 
all  the  phsenomena  of  these  meteors,  or  falling  stones,  have  a  sur- 
prising conformity  with  the  circumstances  of  masses  that  may  be 
expelled  from  the  moon  by  natural  causes,  unite  in  forming  a  body 
of  strong  evidence,  that  this  is  in  all  probability  and  actually  the 
case. 

IPhil.  Tram.Abr.  Vol.  6,  p.  100. 
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SECTION  X. 

Falling  or  Shooting  Stars* 

We  have  already  obseryed,  that  there  is  mach  doubt  as  to  the 
origin  of  this  elegant  meteor,  common  as  it  is  to  all  coantries  and 
seasons.  The  learned  writer  of  the  article  in  the  preceding  section 
seems  to  ascribe  them  to  (he  same  source  as  the  largest  and  most 
concrete  meteors  of  the  heavens,  and  consequently  to  refer  theifr 
to  a  lunar  source.  And,  generally  speaking,  whatever  has  bsen 
the  hypothesis  entertained  concerning  the  one  class,  it  has  been 
equally  applied  to  explain  the  other. 

<^  I  am  unwilling  to  assert,'^  says  Mr.  Cavallo,  ^^  though  I  have 
no  particular  reason  to  deny,  that  the  large  meteors,  and  tkoss 
which  are  commonly  called  shooting  stars,  have  a  common  origin^, 
or  are  of  the  same  nature,  and  differ  only  in  size ;  our  utter  igno^ 
ranee  of  their  nature,  and  the  want  of  accurate  observations,  d(|^ 
not  enable  us  to  form  any  other  distinction.  It  appears  then,  that 
the  number  of  meteors  is  immense ;  for  the  shooting  stars,  or  thf 
meteors  of  the  smallest  size,  are  to  be  seen  in  plenty  eyerj  clear 
night.  Some  of  them  are  so  small  as  to  be  accidentally  seen  only 
through  telescopes ;  others  are  visible  to  the  naked  eye,  that  hap* 
pens  to  be  directed  to  that  part  of  the  sky ;  whilst  others,  by 
casting  more  or  less  light,  excite  attention  and  are  remarked.  The 
apparent  size  of  these  meteors  is  various  ;  but  their  apparent  mo. 
tions,  when  they  happen  to  direct  their  course  nearly  at  right 
angles  to  the  spectator,  seem  not  to  differ  much  :  whence  we  may 
conclude,  that  they  are  nearly  at  equal  distances  from  the  earth; 
and  of  course  they  must  actually  differ  in  size.  This  point,  how* 
ever,  is  much  in  want  of  confirmation  ;  and  it  might  be  wished, 
that  three  or  four  observers,  in  a  pleasant  autumnal  evening,  were 
situated  at  certain  distances  (for  instance  ten  or  twenty  miles)  from 
each  other,  and  would  endeavour  to  mark  the  altitudes  of  all  the 
shooting  stars  they  saw,  together  with  the  time  of  their  appearance. 
The  altitude  may  be  easily  ascertained  by  observing  the  stars  over 
or  near  which  the  meteor  passes,  and  by  referring  it  to  a  common 
celestial  ^lobe,  rectified  for  the  latitude  of  the  place  and  time  of 
the  apparition*." 

*  Elem.  of  Philus.  vol.  iv.  p.  365. 
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Such  obseryations  hare  occasionally  been  made,  and  such  alti- 
tudes remarked  with  all  desirable  care  and  circumspection  :  and 
especially  by  M,  M,  Benzenberg  and  firandes. 

The  meteors  in  this  case  were  observed  from  a  base  of  4d,200 
feet  F.  or  2*1  German  geographical  miles,  fifteen  of  which  make  a 
degree :  their  height  was  from  four  to  thirty  of  those  miles ;  the 
mean  height  about  eleven,  or  near  fifty  English  miles.  The  velo- 
city of  two  of  them  was  from  four  to  six  miles,  or  about  twenty, 
two  English  miles  in  a  second.  One  was  brighter  than  Jupiter, 
and  was  450  miles  distant. 

In  a  second  paper  Dr.  Benzenberg  gives  two  instances  in  detail. 
September  15.  A  shooting  star  of  the  fifth  magnitude.  Elevation 
of  the  beginning  7*7  geographical  miles,  of  the  end  8*2.  Length 
of  the  path  1*5  miles.  Longitude  of  the  place  of  disappearance 
38^3';  latitude  53''^2'.  Observed  by  Brandes,  in  Ekwarden, 
and  Benzenberg,  in  Ham,  near  Hamburg :  length  of  the  base 
fourteen  miles.  October  3.  Another  of  the  fourth  magnitude 
observed  by  the  same  persons.  The  termination  7.1  geographical 
miles  above  the  earth.  Longitude  ^7°  7';  latitude  53""  5'.  These 
observations  shew,  says  Dr.  Benzenberg,  that  a  long  base  will 
fornish  as  accurate  a  comparison  as  a  shorter  one;  that  even 
meteors  of  the  fourth  and  fifth  magnitude  may  be  seen  at  places 
distant  above  fourteen  geographical  miles  from  each  other ;  and 
they  confirm  the  former  observations  made  at  Gottingen  with  a 
base  of  but  one  or  two  miles. 

We  will  only  further  observe,  as  in  truth  we  have  partly  hinted 
at  before,  that  Dr.  Benzenberg  did  not  believe  these  small  meteors 
to  be  of  the  same  nature  as  the  larger.  His  opinion  concerning 
fiery  balls  was,  that  they  were  revolving  bodies  distinct  from  tha 
earth:  but  he  conceived  the  train  of  shooting  stars  to  be  too 
numerous  for  luch  independent  revolving  bodies;  and  with  Dr* 
Chladni  objected,  that,  in  such  case,  they  would  not  appear  to 
ascend  as  they  are  often  found  to  do  as  well  as  to  descend.  There 
are,  at  the  same  time,  various  difficulties  in  the  way  of  regarding 
them  as  mere  electric  scintillae. 

[Editor. 

•  See  Gilbert  vi.  S84,  k.  84S. 
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SECTION  I. 

General  Remarks, 

1  HERE  is  a  class  of  luminous,  and  not  uifrequenflj  inflaamabk 
meteors,  which  yet  remains  to  be  described  and  ezplalned;  the 
cause  of  nrhich  has  often  been  confounded  with  that  of  die  precede 
Ing  class  ;  but  which  in  reality  is  as  totally  distinct  as  th#  phsno* 
mena  are  themseWes.  These  meteors,  instead  of  being  composed 
of  exotic  materials,  are  real  exhalations  from  the  earth ;  as  gaS| 
Tapour,  or  some  other  attenuate  5ulistauce,  combined  with  the 
matter  of  light  or  heat,  or  both  together ;  which  has  been  elimi. 
nated  from  vegetable,  animal,  or  mineral  materials.  Instead  of 
being  di^nse  or  solid  they  are  uniformly  rare  and  subtile;  and  in- 
stead of  originating  in  the  loftiest  regions  of  the  atmosphere,  or 
beyond  its  range,  are  generated  for  the  most  part  in  low  marshy 
plains  or  Tallcys.  To  the  fearful  and  superstitious  thej  are  a 
source  of  as  much  terror  as  the  nobler  and  sublimer  meteors  we 
haye  just  contemplated  ;  and  it  is  probable  that  they  haye  occasi- 
onally been  the  source  of  real  and  extensive  damage  when  in  a 
state  of  actual  combustion ;  and  that  they  have  still  more  frequently 
seduced  a  timid  and  benighted  traveller  into  dangerous  bogs^  and 
qiiagmirr*]:.  By  the  learned  they  are  usually  denominated  Ignes 
Fatui^  or  Mock^Jires ;  and  by  the  vulgar  fFilLo\themJVkispSj 
Jack.aJanthorns  ;  and  at  sea  or  on  the  coast  Mariner**  Lights^ 
or  St,  ilelino^s  Vires. 

The  true  cause  of  these  singular  appearances  has  not  often  been 
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Tery  clearly  «xplAiiied,  tliougli  not  difiiciiU  to  be  either  giTen  or 
coropreheDded. 

By  far  the  greatest  part  of  the  light  we  poisess  is  derired  from 
the  sun:  bat  there  are  also  numeroas  kinds  of  bodies  that 
possess  it  in  a  latent  or  dormant  state,  and  readily  giYe  it  fortb 
upan  being  properly  excited,  or  under  a  proper  elevation  of  tenu 
perature ;  and  others  that  gi?e  it  forth  spontaneously,  in  the  com- 
mon temperament  of  the  atmosphere.  Of  the  former  diTision  are 
oils,  bitumens,  vinous  spirits,  carbon,  phosphorus,  and  hydrogen 
gas.  Of  the  latter  ?arioas  regetable  and  animal  substances,  oa 
the  commencement  of  putrefaction,  which  consists  in  a  slow  de- 
composition not  wholly  unlike  combustion  ;  touch. wood,  which  is 
wood  in  a  peculiar  state  of  decay ;  rarious  species  of  boletus  or 
agaric,  and  especially  that  which  is  denominated  spunk;  and  a 
multiplicity  of  worms  and  insects  in  a  state  of  perfect  health,  aa 
pyrosmas,  phloades,  fire- balls,  glow-worms,  and  elaters*. 

It  was  at  one  period,  as  we  shall  find  in  the  ensuing  section,  a 
Tery  general  opinion  among  the  learned,  that  the  luminous  appears 
ances  we  refer  to,  were  in  every  instance  produced  by  phospho- 
rescent insects  and  worms  |  but  the  situations  and  periods  of  tbo 
Jrear  in  which  they  are  perhaps  most  frequently  met  with,  together 
with  a  variety  of  other  circumstances,  strongly  militate  against 
such  an  idea ;  and  sufficiently  prore,  that  the  source  of  moyijf  of 
these  meteors  is  to  be  fought  for  in  the  light  exhaled  by  the  decom* 
position  of  animal  or  vegetable  materials,  magnified,  and  deep* 
ened  in  hue  by  the  hace  or  vapoury  atmosphere  of  the  moist  and 
•wampy  low  lands  in  which  they  are  chiefly  beheld ;  and  which,  in 
couaaqnence  of  their  moisture  and  swampiness^  are  particnlarijr 
favourable  to  the  process  of  decomposition. 

We  may  thus  account  for  many  of  them,  and  particalarly  for 
tiiosa  that  evince  no  sensible  beat  during  their  iUumination ;  for 
the  light  exhaled  or  thrown  off  from  the  substances  we  now  allndo 
to,  poeaesses  no  sensible  heat  whatever* 

It  not  nn&equently  happens,  however,  that  a  greater  or  lesa 
degree  of  heat,  a  proof  of  actual  though  alow  combustion,  hat 
been  evinced  during  the  exiatcuce  of  these  phsmomena ;  as  also 
that  they  have  .extended  more  widely  than  any  local  decompositkm 
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•  See  for  a  fuller  accoual  of  these  corioos  &ctfl,  Books  II.  and  III.  of  the 
preieni  work. 


496  LUMINOUS  i^ND  BUEMINO  BXHALATIOVS. 

would  induce  us  to  expect,  and  haTe  eTen  appeared  to  cluuige  ihar 
situation,  and  to  dance  about  from  place  to  place. 

To  explain  meteors  of  this  kind  it  is  only  necessary  to  obserTe, 
that  the  earth  is  perpetually  exhaling  a  Tariety  of  inflammable 
gases  and  other  materials,  as  hydrogen  gas  or  inflammable  air, 
phosphorus,  carbonic  acid  gas,  and  occasionally  sulphurous  va. 
pour,  sometimes  separately,  and  sometimes  in  a  state  of  union : 
and  that  the  most  active  of  these,  are  particularly  evaporating  jn 
the  low  stagnant  marsh  grounds  where  these  phtenomena  chiefly 
make  their  appearance  ;  and  may  at  any  time  be  collected  with  the 
greatest  ease,  by  placing  over  the  surface  of  the  soil  an  inrerted 
^ine-glass  or  tumbler.  Now  although  these  gases  will  not  inflaoie 
spontaneously,  in  the  ordinary  temperature  of  the  atmosphere, 
they  readily  inflame  from  a  great  variety  of  natural  causes  to  which 
they  are  perpetually  exposed ;  and  hence,  in  efiect,  those  name* 
rous  fire-damps,  in  coal.mines,  and  other  caverns  of  which  we 
4iave  given  a  few  tremendous  examples  in  a  former  part  of  thb 
work.  Electricity  may  be  a  common  cause  of  such  inflammation  | 
the  heat  generated  during  the  decomposition  of  the  animal  or  rege- 
table  materials  that  may  be  locally  decomposing,  may  be  far  more 
than  sufficient  for  this  purpose;  for  we  know  it  t6  be  suificient  tB 
set  hay.stacks  on  fire,  when  the  grass  has  been  put  together  in  a 
state  sufficiently  damp  to  favour  such  decomposition.  And  it  is 
not  improbable,  that  some  of  these  materials  may  catch  the  illumi- 
nation,  as  from  a  candle,  from  a  body  in  the  immediate  vicinity 
that  is  in  the  act  of  spontaneous  illumination. 

Now  the  ball  or  general  mass  of  inflammable  vapour  being  once 
lighted  or  inflamed,  from  whatever  cause,  will  continue  to  burn  as 
long  as  its  inflammable  principle  continues  without  being  destroyed  ; 
and  its  combustible  power  may  be  more  or  less  in  proportion  to  its 
purity  or  state  of  concentration  ;  whence  in  some  instances  it  may 
pour  forth  light  with  little  or  no  sensible  heat ;  in  others,  the  heat 
combined  with  it  may  be  suflicient  to  produce  slow  combustion  like 
that  of  a  dong.hill ;  and  ia  others  palpable  and  rapid  flame.  From 
the  levity  of  the  illumined  or  burning  vapour,  moreover,  it  must 
necessarily  change  its  place  iu  various  instances  according  to  the 
current  of  air  which  it  either  finds,  or  by  burning  makes  for  itself: 
and  hence  it  must  appear  to  move  in  various  directions^  upwards 
and  downwards,  to  the  right  and  to  the  left,  from  object  to  object. 
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ID  ft  eonttoBt  dance  before  tke  spectator,  aceordiig  to  tlie  mothuif 
because  that  operates  upon  it:  mhlle  its  colours  and  dinensioiie 
mast  Taiy  according  to  tlie  Tarjiog  densitj  of  tlie  fog,  or  liase, 
through  which,  in  different  places  or  situations,  it  to  seen,  or 
according  to  its  actually  increasing  or  diminishing  and  decaying 
bulk:  hence,  in  our  opinion,  the  usual  origin  of  this  dass  of 
aingular  meteors. 

We  hazard  the  opinion,  howerer,  with  much  diiidence,  and 
ihall  leare  it  to  our  readers  to  adopt,  or  reject,  as  its  merit  majr 
respectively  strike  them :  and  shall  only  further  observe,  before 
we  proceed  to  offer  a  few  examples  of  them,  that  while  in  all 
countries  they  are  for  the  most  part  to  be  met  in  wet  swampy  low* 
lands,  and  stagnant  marshes  or  morasses ;  they  more  usually  occur, 
and  with  greater  lustre,  in  hot  climates,  upon  the  approach  of 
winter,  when  the  sky,  after  wearing  a  fiery  brightness,  begins  to 
be  overcast,  and  the  whole  horizon  to  be  wrapped  as  in  a  muddy 
cloud.     Mists  and  vapours,   says  an  intelligent  writer,   at  this 
time  continue  to  rise  with  peculiar  density  throughout  all  the 
regions  under  the  line :  the  air  which  so  lately  before  was  clear 
and  elastic,  now  becomes  humid,  obscure,  and  stifling :  the  fogs 
become  so  thick,  that  the  light  of  the  sun  seems  in  a  manner  ex« 
eluded;  nor  would  its  presence  be  known,  but  for  the  intense  and 
suffocating  heat  of  its  beams,  which  dart  through  the  gloom,  and, 
instead  of  dissipating,  only  serve  to  increase  the  mist.     After  AU 
preparation,  there  follows  an  almost  continual  succession  of  than* 
der,  rain,  and  tempests.     During  this  dreadful  season,  the  streets 
•f  cities  flow  like  rivers,  and  the  whole  country  wears  the  appear* 
ance  of  an  ocean.    The  inhabitants  often  make  use  of  this  oppor- 
tunity to  lay  in  a  stock  of  fresh  water,  for  the  rest  of  the  yearf 
as  the  same  cause  which  pours  down  the  deluge  at  one  season^ 
denies  the  kindly  shower  at  another.    The  thunder  which  atinidi 
the  fall  of  these  rains,  is  much  more  terrible  than  that  vre  are 
generally  acquainted  with.     Among  ourselves,  the  flash  is  seen  al 
some  distance,  and  the  noise  shortly  after  ensues ;  our  thunder 
geaerally  rolls  on  one  quarter  of  the  sky,  and  one  stroke  pursues 
another.     Bat  here  the  whole  sky  appears  abruptly  iUmminated 
vpith  unremitted  flashes  of  lightning;  every  part  of  the  air  seemi 
productive  of  its  own  thunders ;  and  every  cloud  prodocea  it^  own 
shock.    The  strokes  come  se  thick,  that  the  inhabitants  caft  scarce 
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mark  the  interrals ;  tnd  all  Is  one  nnreinitted  roar  of  elcmeiitarjr 
eonfasioii.  It  should  seem,  howerer,  that  the  lightning  of  fliofe 
countries  is  not  so  fatal,  or  so  dangerous,  in  a  proportion  to  iff 
energy,  as  that  with  ns ;  since,  in  this  case,  die  torrid  zone  wonld 
be  uninhabitable. 

When  these  terrors  have  ceased,  with  which,  faowerer,  the  na« 
tives  are  familiar,  meteors  of  another  kind  begin  to  make  their  ap« 
pearance.  The  intense  beams  of  the  son,  darthig  upon  stagnant 
waters,  that  generally  cover  the  surface  of  the  country,  raise  Ta» 
pours  of  various  kinds.  Floating  bodies  of  fire,  whkh  assnrai 
different  names,  rather  from  their  accidental  forms,  than  from  any 
real  difierence  between  them,  are  seen  without  surprise.  The  draco 
volans,  or  flying  dragon;  will.o'.the-wisp ;  the  ignis  fatuus,  or  wan. 
dering  fires  of  St  Helmo,  or  the  mariner's  light,  are  every  where 
frequent;  and  of  these  we  have  numberless  descriptions. 

[Editor. 

SECTION  ir. 

Of  the  Ignh  Faiuuif  as  observed  in  England* 

By  Sir  Tbomat  Dereham,  Bart.  F.R.S.  the  Rev.  William  Derbam,  F.R^ 

and  others. 

It  being  the  opinion  of  divers  skilful  naturalists,  particularly 
Mr.  Fr.  Willooghby  and  Mr.  Ray,  that  ignes  fatui  are  only  the 
shining  of  a  great  number  of  the  male  glow-worms  in  England,  or 
of  the  pyraustsB  in  Italy,  flying  together,  Mr.  D.  consulted  his 
friend.  Sir  Thomas  Dereham,  about  the  phenomenon,  being  in- 
formed that  those  ignes  fatui  are  common  in  all  the  Italian  parts. 
But  of  the  pyraustse,  or  fire-flies,  he  says,  he  never  observed  any 
such  effects,  though  there  is  an  immense  number  of  them  in  June 
and  July,  fie  also  says,  that  these  pyraustse  are  called  Lucdole, 
i.  e.  small  lightsy  and  that  they  are  not  the  farfalis,  as  Mr.  Haj 
thou^t,  which  are  butterflies. 

But  Mr.  D.  has  reason  io  think,  that  insects  are  not  concerned 
in  tlie  ignes  fatui,  from  the  following  observations  ;  the  first  made 
by  himself,  and  the  others  received  from  Italy,  by  the  favour  of 
Sir  Thomas  Dereham. 

His  own  observation  he  made  at  a  place  in  a  uUej  betwooi^ 
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rocky  bills,  which  he  suspected  might  contain  minerals^  in  lomo 
boggj  ground  near  the  bottom  of  those  hills*  Where,  seeing  one 
in  a  calm,  dark  night,  with  gentle  approaches,  he  got  vp  within 
two  or  three  yards  of  it,  and  viewed  it  with  all  possible  care.  Ho 
found  it  frisking  about  a  dead  thistle  growing  in  the  field,  till  n 
small  motion  of  the  air  made  it  skip  to  another  place,  and  thence 
to  another,  and  another. 

It  is  about  fifty.fiTe  years  since  he  saw  this  phenomenon,  but  he 
had  as  fresh  and  perfect  an  idea  of  it,  as  if  it  was  but  a  few  days. 
And  as  he  took  it  then,  so  he  is  of  the  same  opinion  now,  that  tt 
was  a  fired  vapour. 

The  male  glow-worms  Mr.  D.  knows  emit  their  shining  light,  at 
they  fly  ;  by  which  means  they  discover  and  woo  the  females  ;  but 
he  never  observed  them  to  fly  together  in  so  great  numbers,  as  to 
make  a  light  equal  to  an  ignis  fatuus.  And  he  was  so  near,  that 
kad  it  been  the  shining  of  glow-worms,  he  most  have  seen  it  in 
little  distinct  spots  of  light ;  but  it  was  one  continuous  body  of 
light. 

As  to  the  comunication  from  Italy,  it  is  observed  that  these 
lights  are  pretty  common  in  all  the  territory  of  Bologna.  In  tbm 
plains  they  are  very  frequently  observed ;  the  country  people  call 
them  cularsi,  perhaps  from  some  fancied  similitode  (o  those  birds  ; 
and  because  they  consider  them  as  birds,  the  belly  and  other  parts 
of  which  are  resplendent  like  our  shining  flies.  They  are  most 
frequent  in  watery  and  morassy  ground^  and  there  are  some  such 
places,  where  one  may  be  almost  sure  of  seeing  them  every  nighty 
if  it  be  dark  ;  some  of  them  giving  as  much  light  as  a  lighted  torch^ 
and  some  no  larger  than  the  flame  of  a  common  candle.  All  of 
them  have  the  same  property  in  resembling,  both  in  colour  and 
lif^,  aflame  strong  enough  to  reflect  a  lustre  on  neighbonring  ob- 
jects all  around.  They  are  continually  in  motion,  but  tiiis  motion 
is  various  and  uncertain.  Sometimes  they  rise  up,  at  others  they 
sink.  Sometimes  they  disappear  of  a  sudden,  and  appear  again  in 
an  instant  in  some  other  place.  Commonly  they  keep  hoviring 
•bout  six  (eet  from  the  ground.  As  they  differ  in  size,  so  also  In' 
figure,  spreading  sometimes  pretty  wide,  and  then  again  contract* 
ing  themselves.  Sometimes  breaking  to  all  appearance  into  two^ 
soon  after  meeting  again  into  one  body ;  sometimes  floating  liko 
waveSy  and  letting  drop  some  parts  like  sparks  out  of  a  fire.    And 
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in  the  vsr  j  middto  of  the  winteri  wkett  Hit  weftlher  is  wry  epil, 
imd  the  ground  covered  with  snow,  th^  are  obserred  more  fre- 
fuently  than  in  the  hottest  summer.  Nor  does  either  rain  or  enow 
s  aoy  wise  fnrevent  or  hinder  their  appearance ;  on  the  contraij, 
Aej  are  more  frequently  observed,  and  cast  a  stronger  light,  ha 
tainy  and  wet  weather.  Bnt  since  they  do  not  receive  any  damage 
from  wet  weather ;  and  since,  on  the  other  hand,  it  has  never 
been  observed,  that  any  thing  was  set  on  fire  by  them,  though  tliey 
most  needs  in  tlieir  moving  to  and  fro,  meet  with  a  good  many 
combustible  substances,  it  may  from  thence  be  inferred,  that  tliey 
have  some  resemblance  to  that  sort  of  phosphorus  that  shines  in 
te  dark,  without  burning  any  thing.  As  to  the  appearance  of  tlilt 
phenomenon  in  mountainous  parts,  they  differ  in  nothing  else  bnt 
In  siae ;  these  latter  being  never  observed  any  larger  than  the 
fame  of  an  ordinary  candle.  In  general,  these  lights  are  great 
friends  to  brooks  and  rivers,  being  frequently  observed  along  tlieir 
hanks ;  perhaps  because  the  air  carries  them  thither  more  easily 
than  any  where  else.  In  all  other  particulars,  as  in  their  motion, 
the  manner  of  their  appearance,  tiieir  disappearing  sometimes  very 
suddenly,  their  light,  the  height  they  rise  to,  and  their  not  lieing 
affected  either  by  rainy  or  cold  weather,  they  are  the  very  same 
with  the  cnlarsl  above  described,  or  the  large  Will  with  a  Wisp,  a» 
obserred  in  the  plains. 

A  young  gentleman,  a  very  accurate  and  skilful  observer  of  na. 
tural  appearances,  travelling  sometime  in  March  last,  between 
eight  and  nine  in  the  evening,  in  a  mountainous  road,  about  tea 
miles  south  of  Bologna,  as  he  approached  a  certain  river,  called 
Rioverde,  he  perceived  a  light,  which  shone  very  strongly  on  some 
stones  that  lay  on  the  banks.  It  seemed  to  be  about  two  feet 
above  the  stones,  and  not  far  from  the  water  of  the  river :  in  figure 
and  size  it  had  the  appearance  of  a  parallelopiped,  somewhat  abovo 
a  Bolognese  foot  in  length,  and  about  half  a  foot  high,  its  longest 
side  lying  parallel  to  the  horizon  :  its  light  was  very  strong,  inso* 
much  that  he  could  very  plainly  distinguish  by  it  part  of  a  nelglu 
bouring  hedge,  and  the  water  in  the  river.  The  gentleman's  cnri. 
osity  tempted  him  to  examine  it  a  little  nearer ;  in  order  to  which, 
he  advanced  gently  towards  the  place,  but  was  surprised  to  find, 
that  insensibly  it  changed  from  a  bright  red  to  a  yellowish,  and 
then  to  a  pale  colour,  in  proportion  as  he  drew  nearer ;  and  that 
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wImo  he  came  to  the  pUce  Hself^  it  was  quite  nuilihed*  On  tliii 
he  etepped  back,  and  not  only  saw  it  again,  bnt  found  that  the  far* 
ther  he  went  from  it^  the  stronger  and  brighter  it  grew ;  nor  could 
he,  on  narrowly  viewing  the  place  where  this  fiery  appearaace  waa, 
perceive  the  least  blackness,  or  smell,  or  any  mark  of  an  actii4^ 
fire.  The  same  observation  was  confirmed  by  another  gentlemae, 
who  frequently  travels  that  way,  and  who  asserted,  that  he  had 
seen  the  very  same  light  five  or  six  different  times,  in  Spring  and 
Autumn^  and  that  he  had  always  observed  it  in  the  jvery  same  shape 
and  the  same  place ;  which  seems  Tery  difficult  to  be  accounted 
for.  He  said  farther,  that  once  he  took  particular  nodoe  of  ito 
coming  out  of  a  neighbouring  place,  and  then  settling  itself  into  the 
figure  above  described. 

IPkil.  Tram.  Abr.  1720. 

SECTION  III. 

Luminous  and  Injlammahle  Exhalation  on  the  Snows  of  the 

Appennines^ 

Wb  have  ventured  in  the  first  section  of  this  chapter  to  ascribe 
the  greater  number  of  luminous  exhalations  that  float  over  the  sufw 
lace  of  the  earth  to  the  extrication  and  inflammation  of  hydrogeiu 
gas,  similar  to  that  which  is  so  frequently  elicited  in  coal  miuesiy 
under  the  name  of  fire.damp.  In  the  midst  of  the  snows  on  the 
summit  of  the  Apennines,  was  traced  in  the  middle  of  last  century» 
a  luminous  and  burning  exhalation  which  evidently  proceeded 
from  this  cause.  It  is  clearly  and  accurately  described  by  Robert 
More,  Esq.  in  a  letter  published  in  the  Philosophical  Transactions^ 
vol.  xlvii. ;  in  which,  among  other  facts  of  natural  history,  he  ob- 
serves that  the  fire  among  the  snows  on  the  summit  of  the  Apeiu 
nines  is  of  the  same  sort  with  that  about  a  little  well  at  Brosely* 
in  Shropshire ;  of  which  the  Society  has  had  an  account ;  the  sani# 
as  of  the  foul  air  sent  them  from  Sir  James  Lowther'sf  coal  pits  ; 
and  the  like  made  by  a  gentleman  with  filings  of  iron  and  oil  of 
vitriol.  The  flame,  when  he  saw  it,  was  extremely  bright^  covemd 
a  surface  of  about  three  yards  by  two^  and  rose  about  four  feet 

•  See  PbilM.  Trans.  No.  482.— Orig. 

t  No.  482,  No.  44S^-Orig. 
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high.  Afiter  great  rains  and  sdows,  they  said,  the  whole  bare  patch, 

of  aboot  oiae  yards  diameter,  flames.    The  gravel,  out  of  which  it 

rises,  at  a  very  little  depth,  is  quite  cold.    There  are  three  of  these- 

fires  in  that  neighbourhood  ;  and  there  was  one  they  call  extinct. 

9e  went  to  the  place  to  light  it  up  again,  and  left  it  flaming.     The 

middle  of  the  last  place  is  a  little  hollowed,  and  had  in  it  a  puddle 

of  water :  there  were  strong  ebullitions  of  air  through  the  water  ; 

but  that  the  air  would  not  take  6re ;  yet  what  rose  through  the 

wet  and  cold  gravel  flamed  brightly.     Near  either  of  these  flames, 

removing  the  surface  of  the  gravel,  that  below  would  take  fire  from 

lighted  matches. 

IPkil.  Tram.  1750. 

SECTION  IV. 

I.  fiery  Exhataiioni  or  Damp^  that  set  on  Fire  various  Hay 

Ricks  in  Pembrokeshire^ 

Id  a  Letter  from  Mr.  Edward  Floyd,  to  Dr.  Leister,  F.R.S.  dated 

Jan.  20,  1093-4. 

I  am  wholly  intent  at  present  on  giving  yon  the  best  account  I 
can  of  a  most  dismal  and  prodigious  accident  at  Hartech  in  this 
county  (Pembrokeshire),  from  the  24th  to  the  30th  of  December, 
1693.  It  is  of  the  unaccountable  firing  of  sixtern  ricks  of  hay, 
and  two  barns,  one  full  of  corn,  the  other  of  hay.  I  call  it  un- 
accountable, because  it  is  evident  they  were  not  burnt  by  common 
fire,  but  by  a  kindled  ei halation,  which  was  often  seen  to  come 
from  the  sea,  and  lasted  at  least  a  fortnight  or  three  weeks  ;  and 
annoyed  the  country,  both  by  poisoning  the  grass  and  firing  the 
hay,  for  the  space  of  a  mile.  It  was  a  weak  blue  flame,  easily 
extinguished,  and  did  not  in  the  least  burn  any  of  the  men  who  in. 
terposed  their  endeavours  to  save  the  hay,  though  they  ventured 
not  only  closeto  it,  but  sometimes  into  it.  All  the  damage  sustained 
happened  constantly  in  the  night.  There  are  three  small  tenements 
In  the  same  neighbourhood,  where  the  grass  is  so  infected,  that  it 
absolutely  kills  all  manner  of  cattle  that  feed  on  it  The  grass 
has  been  infectious  these  three  years,  but  not  thoroughly  fatal 
till  this  last. 
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1.  Continuationof  the  above  Account^from  the  tame,  to  iha 

tatney  dated  Jugutt  33,  1604. 

An  intelligent  person*,  who  Ifres  near  Harlech  in  Merioneth- 
shire,  assured  me  the  (ire  still  coutinnes  there  ;  that  it  it  obserfid 
to  come  from  a  place  called  Morva.bjchan  in  Caernanranshirey 
about  eight  or  nine  miles  off,  over  part  of  the  sea*  That  cattle  of 
all  sorts,  as  sheep,  goats,  hogs,  cows^  and  horses^  still  die  lypace ; 
and  that  for  certain,  any  great  noise,  as  winding  liorns,  drams^ 
&c.  repels  it  from  anj  house,  or  barn,  or  stacks  of  hay:  on  ac« 
count  of  which  remedy,  they  have  had  few  or  no  losses  in  that  kind 
since  Christmas.  That  it  happened  during  this  summer,  at  ieast| 
one  night  in  a  week,  and  that  commonly  either  Saturday  or  Sun- 
day ;  but  that  now  of  late  it  appears  something  oftener.  The  place 
whence  it  proceeds  is  both  sandy  and  marshy. 

IPhil.  Trans.  1699-4. 

It  is  not  impossible  that  the  winding  of  horns,  drums  and  othtr 
noises  here  referred  to  may  have  been  serviceable  in  destroying  the 
flame  ;  if,  as  there  can  be  little  doubt,  the  inflammable  material  were 
hydrogen  gas ;  for  whatever  would  tend  to  change  and  ventilate 
the  gas,  as  all  Joud  sounds  must  necessarily  do^  would  speedily 
sender  it  weaker,  or  in  other  words  more  freely  combined  witl^  the 
uninflammable  air  of  the  atmosphere. 

[Editor* 
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CHAP.  XLVITI*- 

Oil  ATMOSFHCnrC  DECEPTIONS. — FATA  MOROANA,  NXaAGXf| 
GLAMER  OR  LOOMING;  HAL08 ;  MULTIPLIED  RAIMBOWf; 
PARUELIONS,  AND  PAKASELENITES,  OR  MOCK-SUNS,  AND  MOCK- 
MOONS ;   glories;    REFRACTION  OF  ICELAND  CRYSTAL. 

SECTION   I. 

Esplanaiion  of  the  principle  of  Atmospheric  Decepiiom* 

Atll  these  carious  aod  interesting  phsenomena  proceed  from  one 
common  cause,  irregularity  in  the  tenuity  of  the  atmospheric  fluid. 
To  enter  howerer,  very  fully  into  their  origin  and  distinctions, 
would  lead  us  farther  into  the  laws  of  optics  than  the  nature  of  the 
present  work  would  justify.  One  of  the  clearest  and  most  concise 
explanations  that  has  occurred  to  us,  and  at  the  same  time  most 
adapted  to  popular  comprehension,  is  contained  in  a  note  to  Mr. 
Good's  Translation  of  Lucretius,  book  iv.  v.  144,  in  which  Ae 
poet  enters  upon  a  description  of  the  mirage  (or  glamer  as  it  is  called 
in  the  Highlands)  a  distorted  and  fantastic  representation  of  the 
scenery  before  us— a  description  whtch  we  regret  that  we  haye 
not  space  to  copy.     The  note  is  as  follows  : 

These  monstrous  appearances  in  the  atmosphere  are  not  equally 
common  to  all  countries,  but  depend  in  a  great  measure  upon  lo« 
cal  causes  and  combinations.  According  to  Pliny,  the  regions  of 
Scythia  within  Imaus ;  and,  according  to  Poraponius  Mela,  those  of 
Mauritania  behind  mount  Atlas,  are  peculiarly  subject  to  them  ; 
and  they  are  generally  regarded  by  the  barbarous  inhabitants  of 
such  countries  as  spectres,  or  aerial  demons.     Of  such  grotesque 

*  It  might  perhaps  be  expected,  before  we  thus  enter  upon  a  new  subject^ 
that  we  should  touch  upon  the  phenomenon  of  Fairy  Rin||;s,  or  Circles  \  which 
have  from  a  very  high  antiquity,  been  generally  ascribed  to  the  effect  of  light- 
ning, or  fiery  meteors  of  some  kind  or  other.  More  accurate  attention,  bow- 
eyer,  has  proved  them  to  be  the  prodnclion  of  a  fungus,  the  agaricus  orcades, 
and  hence  to  fall  within  the  range  of  the  curiosities  of  Botany* 

[EDfTOR. 
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phsnomena,  Diodorai  Sicalus  makes  ptrticiilar  meatioii  io  the 
fiftieth  section  of  his  third  book,  and  points  ont  the  regions  of  Africa 
sitaate  between  the  Syrtes  and  Cyrene,  as  the  theatre  of  their  most 
extraordinary  appearance:    vspi  yap  tivxf  Kcupovs,  says  he,  %cu 
^of>kiora  xara  rag  yijysjxia^^    wrra^'ng  hptartou    xata  rof  atpa, 
iravTOiwv  ZX2X2N  ihag  efji^faifovcrar  rovrwv  f ,  di  fnv  't^ptuLOV^'w,  at 
If  xivrjfrip  ^ajxCavouor  Kai  irore  fuy  v^ftvyov^i,  if  eft  Si  ftflvxsiM'i. 
<<  Even  in  the  »erenest  weather,  there  are  sometimes  seen  in  the  air 
certain   condensed  exhalations^   that  represent  the  figures  of  all 
kinds  of  animals  ;  occasionally,  they  seem  to  be  motionless,  and  in 
perfect  quietude  ;    and  occasionally  to  be  flying ;    while  immedi* 
ately  afterwards,  they  themselves  appear  to  be  the  pursuers,  and 
to  make  other  other  objects  fly  before  them.'*      This  phenomenon 
is,  in  reality,  seldom  observed,  except  in  serene  weather ;  and  it 
should  seem,  upon  every  theory  jet  oflfered  to  account  for  it,  from 
the  ingenious  explanation  of  our  own  poet  to  that  of  M,  Mongein 
the  Memoirs  relative  to  Egypt,  that  such  an  atmosphere  is  nearly 
or  altogether  necessary  to  its  existence.     The  illusion  has  been  no* 
ticed  as  frequently  by  modern  as  by  ancient  observers ;  and  If* 
Crantz,  in  his  History  of  Greenland,  Vol.  I.  40.  has  given  a  pic* 
tare  of  it,  not  essentially  differing  from  the  above  just  quoted  from 
Diodorus  Siculus.     It  is  not  confined  to  any  particular  part  of  tlie 
globe,  but  generally  makes  its  appearance  on  the  coast ;  the  at* 
mosphere,  as   I  have  already  observed,  being  commonly  deaf 
and  tranquil,  and  the  phenomenon  usually  succeeded  by  a  fall  of 
rain.     Our  own  sailors,  from  its  more  general  appearance,  call  it 
m  fog-bank  ;  by  many  writers,  it  is  denominated  fata  Morgana^ 
and  by  the  French,  mirage* 

For  this  atmospheric  delusion,  various  causes  have  been  assigned ; 
and  especially  by  Kircher,  Scholt,  and  Gaspard  M onge,  who  ac« 
companied  Buonaparte  in  his  Egyptian  expedition,  as  one  of  th« 
French  S9avan8,  and  was  a  member  of  the  Institute  at  Cairo :  yet 
no  explanation  I  have  hitherto  met  with,  has  been  given  in  satis* 
factory,  or  at  least  in  popular  language. 

To  illustrate  it  as  clearly  as  may  be,  it  is  necessary,  iirst  of  all, 
to  call  the  reader's  attention  to  the  variable  state  of  the  atmosphere  ; 
which  is  commonly  of  an  homogenous,  or  equable  tenuity,  and 
consequently  suffers  the  rays  of  the  sun  to  penetrate  it  without  any 
•kslrnction  or  clMinge ;  but  at  times  it  is  irregular^  and  composed  of 
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puis  or  bodiflt  of  a  donttr  incdiam  tltii  its  geiivnil  icshiro  wad 
,  conititiitioii ;  in  which  cue  the  floMit  ny,  if  it  do  not  enter  the 
denser  medium  in  a  direct  or  perpendicular  line,  will  be  either  re. 
fleeted,  or^refracted,  or  both  ;  and  the  ol^ect  surveyed  through  it 
assume  a  new,  and  not  nofreqaently  a  grotesque  appearance. 

There  are  tarioos  causes  that  produce  such  irregularities  ia  the 
tenor  of  the  atmospheric  fluid ;  of  which,  perhaps,  the  most  com- 
mon is  the  descent  of  rain,  whose  globules,  when  opposed  to  the 
snn  or  the  moon,  at  their  rising  or  setting,  in  a  clear  sky,  are  well 
known  to  exhibit  the  phenomenon  of  the  rain.bow :   a  phenome* 
noo  which  depends  upon  the  very  priociple  now  adrerted  to ;  and 
proceeds,  indeed,  from  a  double  reflection  and  refraction ;  or.  In 
other  words,  from  the  globule  which  produces  the  arch  being  con- 
▼erted  into  a  double  mirror,  and  a  double  prism*    In  the  formation 
of  this  beautiful  meteor,  it  is  necessary  to  obserre,  that  the  ray 
which  issues  from  the  centre  of  the  sun,  and  does  not  immediately, 
or  perpendicularly,  pass  through  the  centre  of  the  opposed  globule 
of  rain,  must,  upon  the  common  principles  of  dioptrics,  in  conse* 
quence  of  its  entering  a  transparent  body  of  a  different  medium 
from  the  atmosphere  itself,  in  a  certain  degree,  be  bent,  deflected, 
or  refracted  from  the  right  line  in  which  it  was  proceeding ;  and 
hence,  instead  of  passing  oat  at  the  posterior  part  of  the  globule, 
immediately  opposite  to  that  at  which  it  entered,  it  will  be  driven 
towards  another  limb,  or  marginal   portion  of  the  globnle,  and 
form  an  angular  line  co-equal  to  the  obliquity  with  which  it  deviates 
from  a  right  line  on  its  entrance  into  the  globule;  just  as  a  stake, 
or  the  oar  of  a  boat,  plunged  obliquely  into  a  river,  appears  to  be 
broken,  or  deflected,  from  the  point  at  which  it  enters  the  water* 
At  this  point,  the  refracted  ray,  instead  of  passing  out  of  the  glo- 
bule, suffers  another  deflection,  but  from  a  very  different  cause : 
for  the  ray  of  light  having  been  thrown  across  a  certain  portion  of 
the  posterior  chamber  of  the  globule  of  rain,  without  permeating 
it,  all  behind  its  passage  becomes  necessarily  a  dark  shade,  while 
the  globule  itself  forms  an  anterior  and  polished  surface  to  It  j 
whence  a  regular  mirror  is  produced,  and  the  ray  is  now  reflected 
or  thrown  back  from  it,  in  the  same  manner  as  an  incident  ray  of 
light,  or  image,  is  reflected  or  throvrn  back  from  a  looking-glass, 
or  a  deep  and  clear  stream  of  water ;  both  of  which,  like  the  globule 
thus  situated,  consist  of  nothing  more  than  a  dark  shadow  wUh  a 
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politbed  surface  ;  the  obliqatty  of  its  patli,  in  tW  present  instanooy. 
being  precise! j  similar  to  that  which  it  has  preriouslj  suffered  from 
refraction ;  the  angular  lioe  of  reflection  being  always  co-equal 
with  the  angular  line  of  incidence.  It  is  hence  obTious,  that  the 
ray,  or  fascicle  of  parallel  rays,  which  entered  obliquely  below  the 
centre  of  the  globule,  opposed  to  the  centre  of  the  sun,  must  be 
reflected  obliquely  aboye  it;  and  as  the  same  process  necessarily 
takes  place,  but  in  an  inversed  order,  with  the  antagonist  ray,  or 
fascicle  of  parallel  rays  that  entered  with  the  same  degree  of  obll* 
quity  aboTe  it,  it  is  also  obvious  that,  from  this  double  refracting 
and  reflecting  power  of  an  individnal  globule  of  rain,  situated  as 
above  described,  an  angle  of  light  must  be  formed,  from  their  an* 
tagonism  alone,  exhibiting  the  different  colours  of  which  they  cod* 
sist  in  a  definite  order,  according  to  the  degree  of  their  refrangibi* 
lity  :  that  the  spread,  or  hypotheneuse,  of  the  angle  must  depend 
upon  the  diameter  of  the  globule  which  produces  it ;  and  that 
its  point  being  softened  or  obtunded  to  the  eye  by  the  distance 
through  which  it  is  beheld,  agreeably  to  an  observation  of  our  poet 
in  V.  375  of  Good's  Lucretius,  the  angle  must  be  converted 
into  an  arch.  And,  hence,  a  beautiful  and  variegated  rain.bow 
must  necessarily  result  from  a  few  rays  of  light  acted  upon  by  a 
single  globule  of  rain,  situated  as  above,  from  the  fact  alone  of  its 
possessing  the  power  of  a  binary  mirror  or  prism. 

But  a  globule  of  rain  is  not  the  only  substance  in  the  atmosphere 
capable,  at  times,  of  producing  the  same  effect ;  nor,  since  we  are 
told  that  the  mirage  usually  occurs  when  the  sky  is  peculiarly  trao« 
quil  and  serene,  could  it  be  the  cause  of  this  last  equally  curiont 
phenomenon.  Our  time,  however,  has  not  been  lost  in  thui 
hastily  investigating  the  theory  of  the  iris ;  for  the  same  principlet 
will  apply  to  the  meteor  before  us.  We  are  informed,  not  only 
that  the  mirage  is  chiefly  to  be  noticed  when  the  sky  is  dear  and 
unclouded,  but  in  the  morning,  and  principally  upon  ^e  coasts  or 
banks  of  a  large  river.  The  mirage  beheld  by  M.  Crants  was  an 
the  shore  of  the  Kookoeman  islands  near  the  Cape  of  Good  Hope  | 
It  has  often  been  traced  at  the  back  of  the  Isle  of  Wight ;  but  the 
quarter  in  which,  perhaps,  it  most  frequently  makes  its  appearance^ 
is  the  Faro  of  Messina  in  Italy.  In  all  these  places,  when  the 
weather  is  perfectly  calm,  and,  consequently,  the  sea  almost  with, 
out  motion,  the  atmosphere,  more  especially  in  a  dry  and  hot 
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too,  imbibes  a  considerable  portion  of  Hk^  water  upon  iMA  111 
loirer  stratum  presses ;  and  bence^  Id  tbe  nig^t-time^  becomes  con* 
densed  and  haiy.  As  the  morning  rises,  howeTer,  and  tbe  sun- 
beams resume  their  Tigoiir,  the  atmosphere  once  more  rareftee.  and 
re-acquires  its  transparencj.  If  it  rarefy  eqoably,  and  homc^ene. 
oosly,  every  object  beheld  through  It  must  necessarily  be  exhibited 
in  its  real  proportion  and  figure :  but  it  happens,  occaskmallyi 
that  in  some  parts  of  its  texture,  it  seems  to  be  more  closely  inter* 
woTen  than  in  others ;  and  hence  in  its  general  expansion,  veinty 
or  ttrim^  like  those  often  discovered  in  glass,  make  their  appear, 
ance,  of  different  densities  and  diameters.  In  this  case,  erery  stria^ 
like  every  globule  of  rain,  in  consequence  of  the  variation  of  its 
density  from  the  common  density  of  the  atmosphere,  becomes  a 
refracting  or  a  reflecting  body ;  in  other  words,  a  prism,  or  a 
mirror,  or  both.  If,  then,  a  single  globule  of  rain,  properly  db. 
posed,  be  able  to  produce  a  phenomenon  so  marvellous  as  that  of 
the  rainbow,  what  phsenomena  may  we  not  expect,  what  variation, 
inversion,  contorsion,  and  grotesque  and  monstrous  representation 
of  images,  beheld  through  a  column  of  the  atmosphere,  intersected 
by  so  many  aerial  prisms  of  different  densities,  and  mirrors  of  dif« 
ferent  sur&ces,  in  which  the  catheti  may  be  innumerable,  and  for 
ever  varying  ?  We  may  hence,  moreover,  readily  trace  the  cause 
of  an  occasional  duplication  of  images  in  the  atmosphere,  of  a  par- 
helion, and  paraselene,  or  double  sun,  and  double  moon,  from  the 
reflection  of  these  luminaries  in  an  opposite  part  of  the  heavens, 
when  they  are  a  little  above  the  horizon ;  as  also  of  the  very  curi. 
ous  mirage  remarked  by  M.  Monge,  in  the  hot  and 'sandy  desert 
between  Alexandria  and  Cairo  ;  in  which,  from  an  inverted  image 
of  the  cerulean  sky  intermixed  with  the  ground  scenery,  the  neigh- 
bouring  villages  appeared  to  be  surrounded  with  the  most  beautiful 
sheeting  of  water,  and  to  exist,  like  islands,  in  its  liquid  expanse, 
tantalizing  the  eye  by  an  unfaithful  representation  of  what  was 
earnestly  desired. 

The  mirage  has  not  been  suffered  to  lie  neglected  by  the  poets. 
It  is  to  the  aerial  phantoms  exhibited  by  this  meteor,  that  Milton 
alludes,  in  the  following  verses  : 

As  when,  to  warn  proud  cities,  war  appears 
Waged  in  the  troubled  sky,  and  armies  rush 
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To  bitde  ia  tht  clovdt ;  before  etch  ?an 
Prick  forth  the  airj  knightf ,  aod  coach  their  spears, 
Till  thickest  legions  close ;  with  feats  of  arms 
From  either  side  of  heayen  the  welkin  burns. 

\^Good's  Lucretius^  voL  it.  p.  25. 

SECTION  II. 

Faia  Morgana^  or  Optical  Appearances  of  Figures  in  the  Sea 

and  Air  J  in  the  Faro  qfMessina^ 

As  when  a  ihepherd  of  the  Hrbrid  lalei 
Placed  far  amid  the  melancholy  main, 
(Whether  it  be  lone  fancy  him  beguiles, 
Or  that  aerial  bein^  sometimes  drign 
To  stand,  embodied,  to  our  senses  plain) 
Sees  on  the  naked  hill,  or  Talley  low. 
The  whilst  in  ocean  Phcebus  dips  his  wain, 
A  vast  assembly  moving  to  and  fro ; 
Then  all  at  once  in  air  dissolTesthe  wond'roos  shew. 

Thomson. 

Various  philosophical  writers  and  travellers,  and  among  them  ^ 
our  English  trayellers  Brydone  and  Swinburne,  make  mention  of 
a  rery  striking  phenomenon  which  occasionally  appears  in  the 
Straits  of  Messina,  and  is  known  by  the  name  of  Fata  Morgana, 
or,  as  some  render  it,  the  castles  of  the  Fairy  Morgana.  The  ac* 
counts  differ  from  each  other,  as  well  with  respect  to  the  appear* 
ances,  as  the  concomitant  circumstances  which  are  supposed  to  be 
necessary  for  producing  them.  How  far  the  effects  themselves 
may  be  subject  to  variation  ;  or  to  what  extent  the  imagination  of 
the  narrators,  who  speak  of  the  exhibition  as  calculated  to  pro- 
duce astonishment,  may  be  subject  to  irregularitity,  would  admit  of 
discussion  ;  but  the  general  certainty  of  the  events  is  matter  of 
universal  notoriety,  and  admits  of  no  doubt.  I  have  not  had  tho 
good  fortune  to  meet  with  any  of  the  authors  who  treat  on  this 
subject  expressly  from  their  own  knowledge  and  observation,  till 
lately  that  the  Dissertation  of  Minasi  was  lent  me  by  the  Right 
Honourable  Sir  Joseph  BankSj  Bart,  &c.  In  this  treatise  the  facts 
are  related  with  much  simplicity  and  precision,  and  the  philosophical 
xeasoning  of  the  author  is  kept  distinct  from  the  narrative.  I  have 
therefore  chosen  to  collect  the  present  account  from  this  author^ 
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His  first  chapter  contains  n  description  of  the  pbcnonenoo. 
<^  When  the  rising  sun  shines  from  that  point  whoico  its  incideat 
ray  forms  an  angle  of  about  fortj-fire  degrees  on  the  sea  of  ReggiO| 
and  the  bright  surfree  of  the  water  in  the  bay  is  not  diftorbcd 
either  by  the  wind  or  the  current,  the  spectator  being  placed  on  an 
eminence  of  the  cit}-,  with  his  back  to  the  sun  and  his  face  to  the 
sea ;— on  a  sudden  there  appear  in  the  water,  as  in  a  catoptric 
theatre,  Tarious  multiplied  objects  ;  that  is  to  say,  numberless  series 
of  pilasters,  arches,  castles  well  delineated,  regular  columns,  lofty 
towers,  superb  palaces,  with  balconies  and  windows,  extended 
alleys  of  trees,  delightful  plains  with  herds  and  flocks,  amiet  of 
men  on  foot  and  horseback,  and  many  other  strange  images,  in 
their  natural  colours  and  proper  actions,  passing  rapidly  in  sue 
cession  along  the  surface  of  the  sea,  during  the  whole  of  the  short 
period  of  time  while  the  abofe-mentioned  causes  remain. 

<*  But  if,  in  addition  to  the  circumstances  before  described,  the 
atmosphere  be  highly  impregnated  with  vapour,  and  dense  eshala. 
tions,  not  prefiously  dbpersed  by  the  action  of  the  wind  or  waves, 
or  rarefied  by  the  sun,  it  then  happens  that  in  this  vapour,  as  in  a 
I  curtain  extended  along  the  channel  to  the  height  of  about  thirty 
palms,  and  nearly  down  to  the  sea,  the  observer  will  behold  the 
scene  of  the  same  objects  not  only  reflected  from  the  surface  of  the 
sea,  but  likewise  in  the  air,  though  not  so  distinct  or  well  defined 
as  the  former  objects  from  the  sea. 

^^  Lastly,  if  the  air  be  slightly  hazy  and  opake,  and  at  the  same 
time  dewy  and  adapted  to  form  the  iris,  then  the  aboTe.mentioned 
objects  will  appear  only  at  the  surface  of  the  sea,  as  in  the  first  case, 
but  all  vividly  coloured  or  fringed  with  red,  green,  blue,  and  other 
prismatic  colours." 

The  author  therefore  distinguishes  three  sorts  of  Fata  Morgana : 
that  is  to  say,  the  first  at  the  surface  of  the  sea,  which  he  calls  the 
Marine  Morgana ;  the  second  in  the  air,  called  the  Aerial  Morgana : 
and  the  third  only  at  the  surface  of  the  sea,  which  he  calls  the 
Morgana  fringed  with  prismatic  colours. 

In  a  note  in  this  chapter  P.  Minasi  enquires  into  the  etymology 
of  Morgana,  After  various  remarks,  he  thinks  the  opinion  of 
those  who  derive  this  word,  which  is  so  foreign  to  the  Roman  idiom« 
from  fMjpoo'  tristis  and  yxvouj  laetitia  afficio,  is  not  far  from  the 
truth ;  considering  the  great  exultation  and  joy  this  appearance 
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prodaces  in  all  tKn\§  of  people,  who  on  its  first  commencement 
run  hastily  to  the  sea,  exclaiming  Morgana,  Morgana !  He  re* 
marks  that  he  has  himself  seen  this  appearance  three  times,  and 
that  he  would  rather  behold  it  again  than  the  most  superb  theatrical 
exhibition  in  the  world. 

In  the  second  chapter  the  author  describes  the  city  of  Regglo, 
and  the  neighbouring  coast  of  Calabria  :  by  which  he  shews  that  all 
the  objects  which  are  exhibited  in  the  Fata  Morgana  are  derifed 
from  objects  on  shore* 

in  his  third  chapter,  consisting  of  physical  and  astronomical  ob« 
serrations,  he  affirms  that  the  sea  in  the  straits  of  Messina  has  the 
appearance  of  a  large  inclined  speculum ;  that  in  the  alternate  cur* 
rent,  or  tide,  which  flows  and  returns  in  the  straits  for  six  hours  each 
way,  and  is  constautly  attended  by  an  opposite  current  along 
shore  to  the  medium  distance  of  about  a  mile  and  a  half,  there  are 
many  eddies  and  irregularities  at  the  time  of  its  change  of  direc- 
tion :  and  that  the  Morgana  usually  appears  at  this  period.  Whence 
he  enters  into  considerations  of  the  relative  situations  of  the  sun 
and  moon,  which  are  necessary  to  afford  high  water  at  the  proper 
time  after  sun  .rise,  as  before  described.  It  is  high  water,  that  is 
to  say,  the  northern  current  ceases,  at  full  and  change,  at  nine 
o'clock.  There  is  probably  a  small  rise  and  fall,  though  the  an. 
notation  to  a  large  chart  before  me  affirms  that  there  is  none. 

In  the  fourth  chapter  and  subsequent  part  of  the  work,  the  au- 
thor collects  the  opinion  and  relations  of  various  writers  on  this 
subject ;  namely,  Angelucci,  Kirchcr,  Scotus,  and  others ;  and  he 
afterwards  proceeds  to  account  for  the  effects,  by  the  supposed  in. 
clination  of  the  surface  of  the  sea,  and  its  subdivision  into  different 
plains  by  the  contrary  eddies.  The  aerial  effects  are  referred  to 
considerations  of  saline  and  other  effluvia  suspended  in  the  air ; 
which  I  forbear  to  abridge,  because  it  seems  difficult  to  make  any 
clear  or  productive  statement  either  from  the  narrative  or  the 
reasoning. 

What  I  seem  to  collect  upon  the  whole  from  the  several  re* 
lationSy  brought  into  one  point  is  as  follows:  1.  That  by  the 
situation  of  the  Faro  of  Messina,  the  current  from  the  south,  at 
the  expiration  of  which  this  phenomenon  is  most  likely  to  appear, 
is  so  far  impeded  by  the  figure  of  the  laud,  that  a  considerable  por« 
tion  of  the  water  returns  along  shore.     9.  That  it  is  probabte  the 
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same  boastf  maj  !»▼«  a  taodencj  to  modifjr  the  lower  poiHon  of 
the  air  in  a  Bimllar  manner,  daring  the  southern  breese  ;  or,  In 
other  words,  that  a  sort  of  bason  is  formed  by  the  land,  In  which 
the  lower  air  Is  more  disposed  to  become  motionless  and  calm  than 
elsewhere.  3.  That  the  Morgana  Marina  presents  inrerted 
images  below  the  real  objects,  which  are  mnltiplied  laterailj  as 
well  as  vertically ;  and  that  there  are  repetitions  of  the  nune  mnlti* 
plied  objects  at  more  considerable  vertical  intervals.  This  I  gather 
from  the  appearance  of  the  dome  and  other  objects  in  the  plate. 
4.  That  the  Aerial  Morgana  is  not  inverted,  bat,  as  I  am  disposed 
to  conjecture,  is  more  elevated  than  the  original  objects.  5.  That 
the  fringes  of  prismatic  colours  are  produced  in  falling  vaponrs ; 
similar  to  many  appearances  which  have  been  described  by  anthors, 
but  not  accurately  explained  by  the  general  principles  of  refimctioa 
through  spheres  of  water.  The  ship  is  referred  to  by  the  author  as 
an  object  surrounded  by  these  fringes  :  whence  it  appears  that  the 
colours  apply  to  the  direct  rays  from  objects,  as  well  as  to  those  of 
the  Marine  Morgana.  6.  Various  other  objects  in  the  drawing,  at 
well  as  in  the  description,  afford  matter  for  question  and  conjee- 
tare,  but  none  perhaps  which  it  may  be  proper  to  enlarge  vpon, 
until  the  theory  be  better  Icnown.  7-  It  seems  at  all  events  more 
probable  that  these  appearances  are  produced  by  a  calm  sea,  and 
one  or  more  strata  of  superincumbent  air,  differing  in  refractive, 
and  consfqoently  reflective  power  ;  than  from  any  considerable 
change  in  the  surface  of  the  water,  with  the  laws  of  which  we  are 
much  better  acquaint  ed  than  with  those  of  the  atmosphere.  8.  By 
attentife  reflection  upon  the  facts  and  reasonings  in  Mr.  Huddarft 
paper,  we  may  form  a  theory  to  account  for  the  erect  and 
inverted  images :  the  polished  surface  of  the  sea  may  perhaps  ac« 
count  for  the  vertical  repetition  ;  but  for  the  lateral  maltiplicatioa 
we  must  have  recourse  to  reflecting  or  refracting  planes  in  the  va« 
poor,  which  appear  nearly  as  difiicult  to  deduce  or  establish,  as 
those  which  have  been  supposed  on  the  water. 

Swinburne  gires  the  following  account  of  this  singular  pheno* 
menon,  which  we  quote  as  affording  a  stronger  proof  of  the  correctness 
of  the  hypothesis  advanced  in  the  preceding  section.  Sometimes, 
but  rarely,  it  (the  Faro)  exhibits  a  very  carious  phenomenon,  vuU 
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farly  eOM  La  FsU  Morgana*  The  philotOfMcal  reader  wiH 
find  its  caaies  and  operatioar  learnedly  aceooatied  lor  In  Kirdier, 
Minaai,  and  other  authors.  I  Jball  only  give  a  detcrlptlon  of  Its 
appearance^  from  one  that  was  an  eyo-witoess.  Falhtr  Angtlocoi 
Is  the  first  that  mentions  it  with  any  degree  of  accnracy.  In  the  fbl. 
lowing  terms : 

«'  On  the  16th  of  Angnst,  1643,  as  I  stood  at  my  window,  I 
was  surprised  with  a  roost  wonderful,  deleotaUe  vision.  The  eea 
that  washes  the  Sicilian  shore  swelled  op,  and  became,  for  ten  miles 
In  length,  lilie  a  chain  of  dark  mountains ;  while  the  waters  near 
our  Calabriaa  coast  grew  q|iite  smooth,  and  in  an  instant  appeared 
as  one  clear  polished  mirror,  reclining  against  the  aforesaid  ridge. 
On  tills  glass  was  depicted,  in  chiara  icuroj  a  string  of  soTeral 
tiiousands  of  pilasters,  all  equal  in  altitude,  distance,  and  degree  of 
light  and  shade.  In  a  moment  they  lost  half  their  height,  and  bent 
into  arcades,  like  Roman  aqueducts*  A  long  cornice  was  next 
formed  on  the  top,  and  abore  it  rose  castles  innumerable,  all  per. 
^ftMj  alike.  These  soon  split  into  towers,  which  were  shortly 
after  lost  In  colonnades,  then  windows,  and  at  last  ended  in  pinsit, 
cypresses,  and  other  trees,  even  and  similar.  This  was  the  Fata 
Morgana,  which,  for  twenty  .six  year^,  I  had  thought  a  mere  fable." 

To  produce  thu  pleasing  deception,  many  drcumstanoes  most 

eoncnr,  which  are  not  known  to  exist  in  any  other  ritoation.  'tkm 

spectator  most  stand  with  his  back  to  the  east,  in  some  elevated 

place  behind  the  citj,  that  he  may  command  a  riew  of  the  whole 

1>aj ;  beyond  which  the  monntains  of  Messba  rise  like  a  wall,  and 

darken  the  Kiack.ground  of  the  picture.     The  winds  must  bo 

-knskedy  the  surface  quite  smoothed,  the  tide  at  Its  height^  and-fka 

waters  pressed  op  by  currents  to  great  eleration  in  the  middle  of 

'  th^  cfaanneL     All  these  events  cdinciding,  as  soon  as  the  inn  snr. 

nonnta  tin  eastern  hills  behind  Reggki,  and  rises  high  aimugh  to 

form  an  angle  of  forty  .fire  degrees  on  tiie  water  before  the  dty^^*- 

tiferj  object  existing  or  moving  at  Reggio  will  be  repeated  a  then* 

-  land-fold  upon  this  marine  looking-glass ;  which,  by  its'tremnloos 

motion,  is,  as  it  were,  cut  into  facetl.     Each  image  will  pass  rtu 

*  The  a«M  is  probably  derived  frMn  an  opinion,  4bat  Hk  whole  spectsele 
ii  produced  by  a  fairy,  or  a  magician.    The  populace  are  dell||hted  whenever 
the  visioB  appears,  and  run  about  the  itreett  ihoating  for  joy, ^alliBf  every 
*%ody  oat  to  jMrtake  of  the  glorious  tight. 

-VOL.  IV.  ^  I. 
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pidlj  off  ki  loeeessbiit  as  Umt  day  advaooes,  and  fte  itrtaa  carrici 
down  the  wave  oir  which  it  appearedr 

Thus  the  parts  of  this  moTing  picture  will  Tanish  io  the  twialu 
Ung  of  an  eje«  Sometimes  the  air  is  at  that  time  so  impregnated 
whh  TapourSy  and  undisturbed  bj  winds,  as  to  reflect  obfecta  in  a 
kind  of  aerial  screen,  rising  about  thirty  feet  al>oye  Ae  lefel  of  iht 
sea.  In  cloudy,  heayy  weather,  they  are  drawn  on  the  surfisoe  of 
the  water,  bordered  with  fine  prismatical  colours. 

[Nicholson^ t  Joum^  4/o.  voL  iu  Swinburne. 

SECTION  III. 

Singular  Imiance  of  atmospherical  Refraction^  by^  which  the 
Coasi  of  Pieardy^  wiih  iis  more  prominent  ObjedSf  wea 
brought  apparent^  elate  to  that  ofHastingi, 

By  Willfam  LatliBiDy  Esq.  F.R.S.  and  AS* 

July  26,  about  five  o'clock  in  the  aftemooB|  whila  aittiBg  in 
my  dining-room  at  this  place,]  Hastings,  which  is  situated  on  the 
Parade,  close  to  the  sea  shore,  nearly  fronting  the  south,  my  atten» 
tion  was  excited  by  a  great  number  of  people  running  down  to  the 
sea  side.  On  inquiring  the  reason,  I  was  informed  that  the  coast 
of  France  was  plainly  to  be  distinguished  with  the  naked  eye*  I 
immediately  went  down  to  the  shore,  and  was  surprised  to  find 
that,  eyen  without  the  assbtance  of  a  telescope,  I  could  very  plainly 
see  the  cliffs  on  the  opposite  coast ;  which,  at  the  nearest  part,  are 
between  forty  and  fifty  miles  distant,  and  are  not  to  be  discerned, 
from  that  low  situation,  by  the  aid  of  the  best  glasses.  They  ap- 
peared to  be  only  a  few  miles  off,  and  seemed  to  extend  for  some 
leagues  along  the  coast.  I  pursued  my  walk  along  the  shore  to 
the  eastward,  close  to  the  water's  edge,  conversing  with  the  sailors 
and  fishermen  on  the  subject.  At  first  they  could  not  be  persuaded 
of  the  reality  of  the  appearance ;  but  they  soon  became  so  tho- 
roughly convinced,  by  the  cliffs  gradually  appearing  more  elevated^ 
and  approaching  nearer,  as  it  were,  that  they  pointed  out,  and 
named  to  me,  the  different  places  they  had  been  accustomed  to 
^  visit ;  such  as,  the  Bay,  the  Old  Head  or  Man,  the  Windmill, 
ftc.  at  Boulogne ;  St.  V allery,  and  other  places  on  the  coast  of 
Picardy  ;  which  they  afterwards  confirmed,  when  they  viewed  them 
through  their  telescopes.    Their  observations  were,  that  the  plaoif 
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appeared  as  near  as  if  thej  wera  tailing,  at  a  small  distance,  into 
the  harbours. 

Hafing  indulged  my  cariosity  on  the  shore  for  near  an  hoar, 
dnriog  which  the  clifis  appeared  to  be  at  some  times  more  bright 
and  near,  at  others  more  faint  and  at  a  greater  distance,  but  nefer 
oat  of  sight,  I  went  on  the  eastern  cliff  or  hill,  which  is  of  a  rery 
considerable  height,  when  a  most  beautiful  scene  presented  itself  to 
my  view ;  for  I  could  at  once  see  Dengeness,  Dover  clifis,  and  the 
French  coast,  all  along  from  Calais,  Boulogne,  ^c.  to  St.  Vallery  ; 
and,  as  some  of  the  fishermen  affirmed,  as  far  to  the  westward  even 
as  Dieppe.  By  the  telescope,  the  French  fishing.boats  were  plainly 
to  be  seen  at  anchor ;  and  the  different  colours  of  the  land  on  the 
heights,  with  the  buildings,  were  perfectly  discernible.  This  cu. 
rlotts  phenomenon  continued  in  the  highest  splendour  till  past  eight 
o'clock,  though  a  black  cloud  totally  obscured  the  face  of  the  sun 
for  some  time^  when  it  gradually  Tanished.  T  was  assured,  from 
€Tery  inquiry  I  could  make,  that  to  remarkable  an  instance  of  at> 
mospherical  refraction  had  never  been  witnessed  by  the  oldest 
inhabitant  of  Hastings,  nor  by  any  of  the  numerous  visitors  come 
to  the  great  annual  fair.  The  day  was  extremely  hot*  I  had  no 
barometer  with  me,  but  suppose  the  mercury  must  have  been  high, 
as  that  and  the  three  preceding  days  were  remarkably  fine  and 
dear.  Ta  the  best  of  my  recollection,  it  was  high  water  at 
Hastings  about  two  o'clock  P.  M.  Not  a  breath  of  wind  was  stir. 
flog  the  wJiole  of  the  day  ;  but  tlie  small  pennons  at  the  mast-heads 
id  the  fishing«boats  in  the  harbonr  were  in  the  morning  at  all  points 
nf  tke  compass.  I  was^  a  few  days  afterwards,  at  Winchelsea,  audi 
tit  several  places  along  the  coast,  where  I  was  informed  the  abova 
phenomenon  had  been  equally  visible.  When  I  was  on  the  eastern 
bill,  the  cape  of  land  called  Dengeness,  which  extends  nearly  two 
Bules  into  the  sea,  and  is  about  sixteen  miles  distant  from  Hastings, 
•in  a  right  line,  appeared  as  if  quite  close  to  it ;  as  did  the  fishings 
boats  and  other  vessels,  which  were  sailing  between  the  two  places ; 
tbey  were  likewise  magnified  to  a  great  degree  *• 

IPkil.  Trans.  1798. 


•  lo  (his  case,  as  in  that  of  the  desert  between  Alexandria  and  Cairo, 
adverted  to  in  section  i.  the  refiractlTe  power  of  the  atmosphere  was  proba 
biy  prodaced  by  a  dlminntion  of  the  density  of  its  lovier  stratan,   in  con- 
arqaeace  of  the  increase  of  heat  communicaUd  to  it  by  the  rays  pf  the  sun 
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SBCTiaM  IT. 

On  Refrmctiom  mmd  double  Refractkan*  in  the  Almotpktre, 

We  have  endetTOored,  in  the  ^nt  sectioO)  to  present  the  reader 
with  a  clear  outline  of  the  chief  principles  upon  which  the  atmo. 
spheriea!  deceptions  we  bare  thus  far  noticed  are  foanded.  There 
h,  however,  another  cause  which  has  of  late  years  been  brougM 
forward  as  of  the  utmost  importance  in  their  production ;  and  par« 
ticularlj  in  the  production  of  that  double  refraction  which  is  tht 
prindpcl  source  of  multiplied  rainbows,  parhelions,  and  paraseli. 
nitea,  or  mock-suns  and  mock-moons,  glories,  and  the  sfngultr 
refracting  power  of  the  Iceland  crystal.  This  cause  is  the  ten* 
dencj  of  plates  or  strata  of  different  thickness  both  to  raiy  the  re. 
fraction,  and  to  alter  the  intensity  or  the  order  of  the  colours.  Ib 
the  Philosophical  Transactions  we  meet  with  two  ezceilent  articles 
upon  this  subject :  one  by  Mr.  Huddart,  and  the  other  by  Dr.  Wol« 
laston,  but  of  too  abstrnse  a  character  for  introduction  into  the  pre- 
sent work.    We  shall,  however,  in  order  to  render  the  subject  more 

powerfully  reflected  from  the  surfiice  of  the  eartir.  In  another  ertiele  hi  the 
same  volame  of  the  Philosophical  TranMcllonsy  Professor  Yiace  obsen^ts  thrt 
he  remarked  a  similar  apparent  approximation  of  Ibe  French  const  to  that  of 
Ramsgnte,  in  the  summer  of  1798.  '*  Of  two  ships,"  6ays  he,  **  which  in  4if> 
frrrnt  parts  were  equally  sank  below  the  horizon,  the  inverted  image  of  one 
wnuld  but  ju«t  begin  to  appear,  while  that  of  the  other  would  represent  nearly 
the  whole  of  the  ship.  But  this  I  obserred  In  i^neral,  that  as  the  Alp  gf» 
dually  descended  below  the  horizon,  more  of  the  image  (radoally  appaarcdy 
and  it  ascended ;  and  the  contrary  when  the  ships  were  ascending.  On  the 
horizon,  in  ditferent  part*,  one  ship  woald  have  a  complete  inverted  Imii^; 
anotiirr  would  have  only  a  partial  image  ;  and  a  third  would  have  no  image  at 
all.  The  images  were  in  general  extremely  well  defined  i  and  fireqneotly  ap* 
peared  as  clear  and  sharp  as  the  ships  themselTes,  and  of  the  saaw  omgaitadc* 
Of  the  ships  on  this  side  of  the  horizon,  no  phmnomena  of  this  iiind  appeared. 
Thete  was  no  fog  en  our  coast  i  and  the  ships  in  the  Downs,  and  the  Soath 
Foreland,  exhibited  no  uncommon  appearances.  The  osual  refraction  at  the 
same  time  was  uncommonly  great ;  for  the  tide  was  high,  and  at  the  very  edge 
of  the  water  I  could  see  the  cliffs  at  Calais  a  very  considerable  height  above  the 
horizon ;  whereas  they  are  frequently  not  to  be  seen  in  clear  weather  fcen 
«he  high  lands  aboat  the  place.  The  French  coast  also  appeared,  beCk  wsjrSy 
la  a  much  greater  distance  than  1  ever  observed  it  at  any  other  time,  ptftiea- 
Tarly  towards  the  cast,  on  which  part  also  the  aansml  refnctiea  was  the 
Itroogest. 
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♦asHy  compreheosible,  take  let? e  prior  to  our  ^fiog  a  few  esanu 
files  of  these  singolar  phsnomeoa,  to  copy  Or.  Young^s  Terj  ne^t 
abridgmeot  of  the  last  paper,  and  to  lotrodace  it  with  a  few  faloable 
observations  of  his  own. 

The  atmospherical  phaenomena,  says  he,  of  rainbows  and  bales 
present  ns  with  examples  of  the  spootaneovs  separation  of  colours 
by  refraction.  The  rainbow  is  uni? ersally  attfibated  to  the  refrac* 
lion  and  reflection  of  the  snn^s  rays,  in  the  minute  drops  of  fUling 
sain  or  dew ;  and  the  halos,  usually  appearing  in  frosty  atnio. 
splieres,  are  in  all  probability  produced  by  the  refraction  of  snidl 
triangular  or  hexagonal  crystals  of  snow.  It  is  only  necessary,  for 
the  formation  of  a  rainbow,  that  the  sun  should  shine  on  a  dense 
cloud,  or  a  shower  of  rain,  in  a  proper  situation ;  or  e?en  on  a 
somber  of  minute  drops  of  water,  scattered  by  a  brush  or  by  a 
syringe,  so  that  the  light  may  reach  the  eye  after  baring  undergone  a 
oertain  angular  doTiation,  by  means  of  Tarious  refractions  and  reflec 
tiona ;  and  the  drops  so  situated  must  necessarily  be  found  somewhere 
bs  a  conical  surface,  of  which  the  eye  is  the  vertex,  and  must  present 
file  appearance  of  an  arch.  The  light,  which  is  reflected  by  the  ex. 
temal  surface  of  a  sphere,  b  scattered  almost  equally  in  all  directions, 
setting  aside  the  diflierence  arising  from  the  greater  efficacy  of  ob« 
Hqne  reflection ;  but  when  it  first  enters  the  drop,  and  is  there  re. 
iected  by  its  posterior  surface,  its  deriation  never  exceeds  a 
certain  angle,  which  depends  on  the  degree  of  refrangibility,  and 
is,  therefore,  different  for  light  of  difierent  colours :  and  the  density 
of  the  light  being  the  greatest  at  the  angle  of  greatest  deviation, 
the  appearance  of  a  luminous  arch  is  produced  by  the  rays  of  each 
colour  at  its  appropriate  distance.  The  rays  which  never  enter  the 
drops  produce  no  otlier  effect,  than  to  cause  a  brightness,  or  haxL 
■eea  round  the  sun,  where  the  reflection  is  the  most  oblique :  those 
itUch  are  once  reflected  within  the  drop  exhibit  the  common  inter. 
|mU  or  primary  rainbow,  at  the  dbtance  of  about  forty-one  degrees 
fimn  the  point  opposite  to  the  sun ;  those  which  are  twice  reflected^ 
the  external  or  secondary  rainbow,  of  fifty-two  degrees ;  and  If 
tfie  effect  of  the  light,  three  times  reflected,  were  sufficiently 
powerful.  It  would  appear  at  the  distance  of  about  forty-two  d^. 
giMS  from  the  sun.  The  colours  of  both  rainbows  encroach  const, 
drably  on  each  other ;  for  each  point  of  the  sun  may  be  considered 
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ts  aflbrding  a  distioct  arch  of  each  colour,  and  the  whole  Akk  m 
producing  an  arch  about  half  a  degree  in  breadth  for  each  kind  ef 
light ;  80  that  the  arrangement  nearly  resembles  that  of  the  ocmu 
mon  miied  spectrum.  There  is,  however,  another  cause  of  a 
further  mixture  of  colours :  the  arch  of  any  single  colour,  which 
belongs  to  any  point  of  the  sun,  is  accurately  defined  oo  one  side 
only,  while  on  the  other  it  becomes  gradually  fainter,  the  bresdth 
of  the  first  minute  containing  about  fi?e  times  as  much  light  as  a 
minute  at  the  distance  of  a  quarter  of  a  degree :  the  abrupt  temi. 
nation  is  on  the  side  of  the  red,  that  is,  without  the  inner  bow,  and 
within  the  outer;  so  that,  for  this  reason,  the  order  of  colours  par- 
takes, in  some  degree,  of  the  nature  of  the  red  termination  of  a 
broad  beam  of  light  seen  through  a  prism  ;  but  it  is  more  or  less 
afiected  by  this  cause,  on  account  of  some  circumstances,  whSck  will 
be  explained  when  we  examine  the  supernumerary  rainbows,  whi^ 
sometimes  accompany  the  bows  more  commonly  obserted*  A 
lunar  rainbow  is  much  more  rarely  seen  than  a  solar  one,  but  Its 
colours  differ  little,  except  in  intensity,  from  those  of  the  oommoa 
rainbow. 

In  the  highest  northern  latitudes,  where  the  air  b  commonly 
loaded  with  frozen  particles,  the  sun  and  moon  usually  appear 
surrounded  by  halos,  or  coloured  circles,  at  the  distances  of  about 
twenty-two  and  forty-six  degrees  from  their  centres;  this  ap- 
pearance is  also  frequently  obseryed  in  other  climates,  especially  in 
the  colder  months,  and  in  the  light  clouds  which  float  in  the  highest 
regions  of  the  air.  The  halos  are  usually  attended  by  a  horizontal 
white  circle,  with  brighter  spots,  or  parhelia,  near  their  intersec- 
tions with  this  circle,  and  with  portions  of  inverted  arches  of  va- 
rious curvatures ;  the  horizontal  circle  has  also  sometimes  anthelia, 
or  bright  spots,  nearly  opposite  to  the  sun.  These  phsenomena  have 
usually  been  attributed  to  the  effect  of  spherical  particles  of  hail, 
each  having  a  central  opaque  portion  of  a  certain  magnitude, 
mixed  with  oblong  particles,  of  a  determinate  form,  and  floating 
with  a  certain  constant  obliquity  to  the  horizon.  But  all  thc^se 
arbitrary  suppositions,  which  were  imagined  by  Huygens,  are  la 
themselves  extremely  complicated  and  improbable,  and  are  wholly 
unauthorised  by  observation.  A  much  simpler,  and  more  natural, 
as  well  as  more  accurate  explanation,  which  was  suggested  at  an 
earlier  period  by  Mariotte,  had  long  been  wholly  forgotten,  until 


ATMOSPHBRICAL  RBFRACT10N.         519 

Hre  sane  idea  occurred  to  me^  without  any  prerioui  knowledge  of 
what  Miriette  had  doue.  The  natural  teadeecy  of  water  to  cryi. 
tallize,  in  freezing,  at  an  angle  of  sixty  degrees^  is  suffidently 
established,  to  allow  us  to  assume  this  as  the  constant  angle  of  the 
elementary  crystals  of  snow,  which  are  probably  either  triangalar 
or  hexagonal  prisms:  the  deviation  produced  by  such  a  prism  diffiors 
very  little  from  the  obserred  angle  at  which  Hhe  first  circle  is  usu- 
ally seen ;  and  all  the  principal  phsBnomeaa,  which  attend  this 
CMPcle,  may  be  explained,  by  supposing  the  axis  of  the  crystals  to 
assume  a  vertical  or  a  horizontal  position,  in  consequence  of  tlM 
operation  of  gravity :  thus  the  parhelia,  which  are  sometimea  a 
little  more  distant  from  the  sun  than  the  halo,  are  attributed  by 
Mariotte  to  the  refraction  of  the  prisms  which  are  ^tnated  verti* 
caUy,  and  produce  a  greater  deviation,  on  account  of  the  obliquity 
of  the  rays  of  light  with  respect  to  their  axis.  The  liorisontai 
circle  may  be  deduced  from  the  reflection,  or  even  the  repeated  re- 
fractions, of  the  vertical  facets  ;  tbeantfaelia  from  two  refractions 
with  an  intermediate  reflection,  and  the  inverted  arch  from  the 
increase  of  the  deviation,  in  the  light  passing  obliquely,  through 
prisms  lying  in  a  horizontal  position*  The  external  circle  may  be 
attributed  either  to  two  successive  refractions  through  diflfereot 
prisms ;  or  with  greater  probability,  as  Mr.  Cavendish  has  sag. 
gested  to  me,  to  the  effect  of  the  rectangular  terminations  of  the 
single  crystals.  The  appearance  of  colours,  in  halos,  is  nearly  the 
same  as  in  rainbows,  but  less  distinct ;  the  red  being  nearest  to 
the  luminary,  and  the  whole  halo  being  externally  very  ill  de- 
iaed. 

From  the  observed  magnitude  of  these  halos,  I  liad  concluded 
that  the  refractive  power  of  ice  must  be  materially  less  than  that  of 
water,  although  some  authors  had  asserted  that  it  was  greater :  and 
Dr.  Wollaston  afterwards  fully  confirmed  this  conclusion,  by  means 
of  the  very  accurate  instrument  which  has  already  been  described ; 
his  measurement  agreeing  precisely  with  the  mean  of  the  best  ob- 
servations on  these  halos,  so  that  ice  must  be  considered  as  the 
least  refractive  of  any  known  substances  not  aeriform. 

Sometimes  the  figures  of  halos  and  parhelia  are  so  extremely 
complicated,  as  to  defy  all  attempts  to  account  for  the  formation  of 
their  difibrent  parts  ;  but  if  we  examine  the  representations  which 
iMure  been  givm,  by  various  authors,  of  the  multiplicity  of  capri- 
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cioui  llMmfiriqveotly  tS8BB«i  bj  tlie  AriKt  af  snow^  w€  shail  a«t 
DO  rcaaon  to  diiok  tiMm  iaadeqaiii  to  dieprodactioa  of  all  these 
sppeatanees. 

[Ywrng  Nmi.  PkU.  Vmi.  L 

It  it  in-  hfs  secosd  Tolame  daU  'Dr.  Tovog  has  faroared  as  with 
bb  ahstraet  of  Dr.  Woilastoa'iobserfatioiif  on  tha  qaaati^  of  ho. 
rhumtal  refraction,  whkh  is  as  follows. 

Dr.  Wollaston  notiees  Mr.  Monge's  Meaniir  on  the  Miragei 
ohsar^ed  in  Egjpt,  as  containiag  fticts  which  MI7  agree  with  his 
own  theory  formerlj  pablMed.  From  his  obserrations  on  the 
degree  of  refraction  prodaced  by  die  wt  near  the  sarftwe  of  the 
Thames,  It  appears  that  the  TartatloDS  derived  from  changes  of 
temperatnre  and  motstore  in  the  atmosphere^  are  by  no  means  cal- 
culable; but  that  a  practical  correction  may  be  obtained^  which^ 
for  naatical  ases^  may  supersede  die  necessity  of  sach  a  calculation. 
Dr.  Wollaston  first  obsenred  an  Image  of  an  oar  at  a  distance  of 
aboiit  a  mile,  which  was  eridendy  caused  by  refraction,  and  when 
be  placed  his  eye  near  the  water,  dbe  lower  part  of  distant  olgects 
was  hidden,  as  if  by  a  conrature  of  the  suirface.  This  was  at  a 
time  when  a  coatinaation  of  hot  wither  had  be^n  succeeded  by  a 
colder  day,  end  the  water  was  sensibly  warmer  than  the  atmow 
sphere  above  it>  He  afterwards  procured  a  telescope,  with  a  plane 
speculum  placed  obliquely  before  its  object  glass,  and  provided 
with  a  micrometer,  for  measuriag  the  angular  depression  of  the 
image  of  a  distant  oar,  or  other  oblique  object ;  this  was  some- 
times greater  when  the  object  glass  was  within  an  inch  or  two  of 
the  water,  and  sometimes  when  at  the  height  of  a  foot  or  two.  The 
greatest  angle  observed  was  somewhat  more  than  nine  minutes, 
when  the  air  was  at  50",  and  the  water  at  68** ;  Iti  general  the  dry- 
ness of  the  air  lessened  the  effect,  probably  by  producing  evapo. 
ration,  but  sometimes  the  refraction  was  considerable,  notwith. 
standing  the  air  was  dry.  Dr.  Wollaston  has  observed  but  one 
instance  which  appeared  to  encourage  the  idea,  that  the  solution 
of  water  in  the  atmosphere  may  diminish  its  refractive  po^er. 

In  order  to  correct  the  error,  to  which  nautical  observalleBS  may 
be  liable,  from  the  depression  of  the  apparent  horison.  In  conse- 
quence of  such  a  refraction,  or  from  its  elevation  In  contrary  cir- 
cumstances ;  and  at  the  same  time  to  make  a  proper  correction  for 
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the  dip,  Dr.  WolUston  recommends  that  the  whole  vertical  aogle 
between  two  opposite  points  of  the  horizon,  be  measured  by  the 
back  observation,  either  before  or  after  taking  an  altitade ;  and 
that  half  its  excess  aboTe  IMP  be  taken  for  the  dip :  or  if  there  be 
any  doabt  respecting  the  adjostment  of  the  iustrament,  that  it  be 
be  reversed,  so  as  to  raeasnre  the  angle  below  the  horiion,  and 
that  one-foarth  of  the  diflbrence  of  the  two  angles,  thus  determined, 
be  taken  as  extremely  near  to  the  true  dip.  It  is  indeed  possible, 
that  the  refraction  may  be  somewhat  different  at  different  parts  of 
the  surface ;  but  Dr.  Wollaston  is  of  opinion  that  this  can  rarely 
happen,  except  In  tiie  neighbourhood  of  land. 

[M.  Vol.  11  Journ.  Royal  Imtit. 

SECTION    V. 

Parhelia^  or  Mock  Sunt^  icon  at  Danizic, 

By  M.  HcYelim. 

On  Februaiy  5,  1074,  N.S.  near  Marlenburg  in  Prussia,  I 
saw  the  sun,  in  a  Ay  every  where  serene  enough,  being  yet  some 
degrees  above  the  horizon,  and  shining  very  bright,  yet  lancing 
out  very  long  and  reddish  rays,  40  or  50  degrees  towards  the 
zenith.  Under  the  sun  towards  the  horizon,  there  hung  a  some, 
what  dilute  small  cloud,  beneath  which  there  appeared  a  mock 
son  of  the  same  size,  to  sense,  with  the  true  sun  ;  and  under  the 
same  vertical,  of  a  somewhat  red  colour.  So<m  after,  the  true  sua 
more  and  more  descending  to  the  horizon,  towards  the  said  cloud, 
the  spnrious  sun  beneath  it  grew  clearer  and  clear«ir,  so  as  that 
the  reddish  colour  In  that  apparent  solar  disk  vanished,  and  put 
on  the  genuine  solar  light ;  and  that  the  more,  the  less  the  genuine 
disk  of  the  son  was  distant  from  the  false  sun  :  till  at  length  the 
uf  iper  true  sun  passed  into  the  lower  counterfeit  one,  and  so  re- 
mained alone. 

TMi  appearance  being  unusual,  I  took  the  freedom  of  impart, 
ing  It  unto  you,  especially  since  here  the  mock  son  was  not  found 
at  the  tide  of  the  true  sun,  as  it  is  wont  to  be  in  all  parhelia 
seen  by  me,  bnt  perpendicularly  under  it;  not  to  mention  the 
colonr,  so  different  from  that  which  is  usual  in  mock  suns ;  nor 
the  great  length  of  the  tail^  cast  op  by  the  genuine  sun,  and  of  n 
far  more  vivid  and  splendid  light,  than  parhelia  nse  to  exhibit 


522        PTRAMIDAL  APPBARAKCX  IN  THS  RBATBHS. 

UpoD  this  appearance  there  soon  followed  here  an  exceedingly  in. 
tense  and  bitter  frost,  whereby  the  whole  bay  was  froien  op  from 
this  town  of  Dantzic,  as  far  as  Hela  in  the  Baltic  sea,  which  lasted 
till  the  25th  of  March ;  and  the  bay  was  frosen  so  hard,  that  with 
great  safety  people  ran  ont  into  it  with  sleds  and  horses,  for  se» 
Tera]  of  oar  miles. 

IPkfi.  Drmt.  1674. 

SECTION  YI. 

Pyramidal  Appearance  in  the  Heaneni^  ohservad  WBrnr  Up* 

mimterj  Eesex. 

By  the  Rev.  William  Derham. 


On  the  afternoon  of  Thursday,  April  3,  1707)  I  perceiyed  in  the 
west,  a  quarter  of  an  hour  before  sun  set,  a  long  slender  pyramidal 
appearance,  perpendicular  to  the  horizon.  The  base  of  this  py. 
ramid  I  judged  to  be  the  sun,  then  below  the  horizon.  Its  apex 
reached  fifteen  or  twenty  degrees  above  the  horizon.  It  was  through, 
out  of  a  rusty  red  colour  ;  and  was,  when  I  first  saw  it,  pretty 
Tivid  and  strong ;  but  the  top  part  much  fainter  than  the  bottom^ 
nearer  the  horizon.  At  what  time  this  appearance  began,  whether 
at,  or  how  soon  after  sun.set,  I  cannot  say,  being  at  that  time  in 
a  friend's  house.  But  after  a  while,  it  grew  by  degrees  weaker 
and  weaker,  so  that  in  about  a  quarter  of  an  hour  after  I  first  saw 
it,  the  top  part  (A,  L,  C,)  was  scarcely  Tisible.  But  the  lower 
part  remained  fivid  much  longer,  but  yet  grew  by  degrees  shorter 
and  shorter.  I  saw  the  remains  of  the  lower  half  (F,  F,)  a  full 
hour  after  sun. set ;  and  should  perhaps  have  seen  it  longer, 
had  the  horizon  been  open,  instead  of  which  it  was  often  in 
ray  walk  obstructed  by  trees.     The  whole  atmosphere  seemed 
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hazy,  and  full  of  Ttpours,  especially  towards  the  suii.set.  The 
moon  and  stars  were  bearded  at  that  time,  aod  succeeded  with 
a  halo  about  the  moon  afterwards.  Which  disposition  of  the  air 
was  probably  the  cause  of  the  phenomenon.  But  the  pyramid 
was  doubtless  imprinted  on  the  far  distant  vapours  of  the  atmo* 
sphere,  it  being  manifestly  far  off,  or  Maying  beyond  some  small 
thin  clouds  (C.  L,  C,  L,)  that  intercepted  it,  and  in  those  parts 
covered  and  hid  it.  I  do  not  remember  I  ever  saw  any  thing  like 
it,  except  the  white  pyramidal  glade,  which  is  now  called  the 
aurora  borealis.  And  it  being,  except  in  colour  and  length,  so 
like  that,  I  have  thought  it  may  perchance  in  some  measure  con- 
duce to  the  solution  of  that  old  phenomenon,  the  aurora  borealis. 

[Id.  1707. 

SECTION  VII. 

Parhelia  at  Sudbury^  Suffolk. 
By  Mr.  Petto. 

August  28)  16989  about  eight  o'clock  in  the  morning,  there 
was  seen  the  appearance  of  three  suns,  which  were  at  the  brightest 
then,  or  a  little  after.  About  half  an  hour  after  eight  I  saw  it, 
when  there  was  in  the  east  a  dark,  dusky,  watery  cloud ;  and  be- 
low it  towards  the  middle,  was  the  true  sun,  shining  with  such 
strong  beams,  that  persons  could  not  look  upon  it ;  on  each  side 
were  the  reflections,  with  the  true  sun  in  the  middle.  Elsewhere 
much  of  the  firmament  was  of  an  azure  light  blue  colour.  The 
circles  which  I  saw  were  not  of  rainbow  colours,  but  white ;  there 
was  also  higher  in  the  firmament,  more  over  our  heads,  and  towards 
the  south,  at  the  same  time,  at  a  considerable  distance  from  the 
other,  the  form  of  a  half  moon ;  but  I  think  it  was  more  than 
double  the  size  of  a  half  moon,  with  the  horns  turned  upwards, 
and  within  of  a  fiery  red  colour,  and  more  like  a  rainbow  colour; 
these  all  faded  gradually,  after  having  continued  about  two  hours. 

IPhil.  Tran$.  1699c 
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SECTION  VIXI. 

Tko  Mock-Suns,  and  un  Arc  of  a  Rain^bgm Jnterfed^  uith  m 

Halo. 

By  the  Ktf.  William  Whi«too. 

A«ouT  ton  o'clock  in  the  morning,  on  Sunday  Oct.  2^  1731, 
bein:;  at  Lyndon,  in  the  county  of  Rotland,  after  aurora  borealis  the 
night  before,  wind  W.S.W.  I  saw  an  attempt  towards  two  mock* 
fans,  as  I  had  done  sometimes  formerly.  About  half  or  three 
quarters  of  an  hour  &fter,  I  found  the  appearance  complete  ;  wbed 
two  plain  parhelia,  or  mocic  suns,  appeared  tolerably  bright  and 
distinct;  and  that  in  the  usual  places,  viz.  in  the  two  intersections 
of  a  strong  and  large  portion  of  a  halo,  with  an  imaginary  circle, 
parallel  to  the  horizon,  passing  through  the  true  sun.  This  circle 
I  call  imaginary,  because  it  was  not  itself  visible,  as  it  sometimes 
has  been  at  such  appearances.  Eath  parhelion  had  its  tail  of  a 
white  colour,  and  in  direct  opposition  to  the  true  sun ;  that  to. 
wards  the  east  was  20  or  25°  long ;  that  towards  the  west  about  ten 
or  twelve  degrees;  but  both  narrowest  at  the  remote  ends.  The 
mock-suns  were  evidently  red  towards  the  sun,  but  pale  or  whitish 
at  the  opposite  sides,  as  was  the  halo  also.  Looking  upward,  we 
saw  an  arc  of  a  curious  inverted  rainbow,  about  the  middle  of  the 
dbtance  between  the  top  of  the  halo  and  the  vertex.  This  arc  was 
as  distinct  in  its  colours  as  the  common  rainbow  ;  and  of  the  same 
breadth.  The  red  colour  was  on  the  convex,  and  the  blue  on  the 
concave  of  the  arc  ;  which  seemed  to  be  about  9(f  long  :  its  centre 
in  or  near  the  vertex.  On  the  top  of  the  halo  ^as  a  kind  of  in. 
Terted  bright  arc,  though  its  bend  was  not  plain.  The  lower  part 
of  the  halo  was  among  the  vapours  of  the  horizon,  and  not  visible. 
The  angles*  as  more  exactly  measured  on  Monday,  near  noon, 
when  the  same  appearance  returned  again,  but  more  faintly,  wer« 
as  follow  :  the  sun's  altitude  ^^y*" ;  perpendicular  semidiameter  of 
the  halo  23j  ;  distance  of  the  rainbow  from  the  top  of  the  halo 
23-|-°;  semidiameter  of  the  arc  of  the  rainbow,  if  our  vertex  be 
supposed  its  centre,  21°.  The  phenomenon  lasted  each  day  for  an 
hour  and  a  half,  or  two  hours.  What  was  most  remarkable  on 
Monday  was,  that  the  wind,  which  on  Sunday  had  been  almost  in. 
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•lensible,  was  now  become  sensible,  and  changed  to  N.N.E.  that 
the  halo  was  sensibly  become  o?al ;  its  shorter  axis  parallel  to  the 
horizon  ;  and  the  two  oioclusuns,  which  were  then  bat  just  yisibley 
especially  that  on  the  east,  were  not  in  the  halo,  but  a  degree  or 
two  without  it,  which  I  ascribe  to  the  unusual  shortness  of  the  ho. 
riioatal  diameier ;  which  position  of  the  modusons  does  not  a|«pear 
to  have  beeo  ytiwrto  taken  Botioe  of  hj  any,  though  it  was  now 
very  sensible. 

October  96,  about  nine  in  the  momingy  u  I  was  coming  in  the 
Northampton  coach  towards  London,  the  halo  returned  larger  aad 
clearer  ten  beCmre ;  and  the  two  modcsans  jnst  attempted  an 
appearanoe,  as  on  Sunday ;  but  the  ahr  becoming  thiclber  and 
thicker  towards  rain,  I  saw  them  no  more.  I  add  nothing  to  this 
account,  but  only,  that  August  80,  before,  I  saw  at  tiM  same  plaoe, 
Rutland,  a  TemaTkuble  halo,  whose  upper  part  Imd  Its  invoiced  utc 
reddish  within,  and  pale  without,  but  brighter  and  more  vivid  than 
ever  I  saw  before.  That  we  had  there,  September  1 1,  in  the 
evening)  the  lightest  and  most  remarkable  aurora  borealis,  with  its 
unaccountable  motions  and  removals,  that  ever  I  saw,  ezcepting 
that  original  one,  March  6,  1711 :  that  it  was  seen  In  Northamp. 
tonshire,  at  the  Bath,  and  elsewhere :  that  the  vertex  of  the  co« 
lumns  which  shot  upwards,  was  not  our  vertex,  but  evidently 
fifteen  or  twenty  degrees  distant  towards  the  south ;  and  that  tiio 
wind  was  in  Rutland  north,  as  I  observed  myself;  at  the  Bath 
west ;  and  in  Northamptonshire  south ;  all  at  the  same  time,  which 
deferves  particular  reflection. 

[W.  1721. 
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IBCTIOH   IX. 

Beautify  lniJ»Kent  Anhe$  i»  •  JSM 

B7  Mr.  WlUlM  CoeUB. 


Jamuakt  13,  1708,  between  nine  aad  ten  In  tb«  Borniog,  king 
.OBUvaiiwantbBtpTerlookedionMlawBMadowgrMDd,  Hr.Co- 
JUm  obwrred,  in  t  direction  oppotite  to  tbal  of  tbe  nm,  whick  ihoM 
feij  b^ht)  wd  in  1  milt  «Uch  coyered  the  Hid  incloeureit  ■■ 
■Daiuai  meteor,  wliieh,  wittont  xttempting  to  nue  it,  be  deicribei 
bj  help  of  tlM  ebom  figare.  At  tdwnt  tbe  dittioce  of  belf  a 
inile>  and  incuiTBted  tow&rdi  eacn  other,  lilie  tlie  lower  eodi 
vf  the  common  rainbow,  tbere  appeared  in  the  tniat  two  plicei  of  a 
pecaltar  brigbtneii,  as  represented  at  A  A.  The/  seenied>  u  u 
common,  to  rest  on  the  gronad,  were  continued  as  high  as  tite 
mist,  and  in  breadth  near  half  as  mnch  more  as  ttiat  of  Uie  iris.  la 
the  middle,  iKtween  these  two  places,  od  the  same  iioriiontal  line, 
WW  a  coloured  appearance  like  d  c  b,  a,  b  c  d,  whose  base  coald  not 
almost  sebtend  an  angle  of  abote  ten  or  twelve  degrees,  and 
whose  interior  parts  were  thus  variegated.  The  centre  a  was  dark 
and  irregnlarly  terminated,  as  if  made  bj  the  sliadow  of  soma 
object  not  larger  than  an  ordinary  sheaf  of  com.  Next  this 
centre  was  a  curved  apace  b  b,  of  a  yellowish  flame-colonr.  To 
this  SDCceeded  another  curved  space  of  neaHy  the  same  dark 
cast  as  the  centre,  seemingly  tinged  with  a  faint  btae  green,  and 
very  evenly  bounded  on  each  side^  as  at  c  c.  After  these  came  on 
the  terminating  ring,  which  was  coloured  very  mnch  In  the  manner 
of  the  common  rainbow,  except  that  the  tints  were  not  quite  m 
Tirtd  (u  if  owing  to  the  offset  of  a  jellowith  tinge,  which  seem* 
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ingly  entered  into  the  composition  of  all  the  colours)  nor  their 
boundaries  so  well  defined.  The  centre  of  the  image  appeared  to 
be  exactly  in  the  line  of  aspect,  as  it  is  called,  or  one  conceiyed  to 
be  drawn  from  the  sun  through  the  eye  of  the  spectator :  and  it 
may  be  obserred  from  the  figure,  that  these  curve  spaces  were  not 
iegnents  of  perfect  circles,  bat  formed  like  the  ends  of  concentric 
•lUpsei^  whose  transferse  axes  were  perpendicular  to  the  horisom 

To  the  above  description  of  tiie  image  it  may  be  necessary  to  add 
the  following  partkmlars  which  attended  it»  The  mist  was  very 
thick  near  the  surface  of  the  meadows,  though  rarer  upwards,  and 
chiefly,  if  not  solely,  on  the  side  of  the  hill  opposite  to  the  sun. 
The  place  where  Hr.  C.  stood  was  just  on  its  confines ;  and  as  he 
adTanced  into  it,  the  olject  became  gradually  fainter  and  fainter* 
As  the  snn  dispersed  the  vapour,  the  appiiearance  faded  propor- 
tionably ;  and  about  Iiilf  an  hovr  after  he  flrsl  saw  it,  it  isas 
scarcely  Tisible.  The  erenlng  before  was  wet ;  but  the  drops  bn 
the  hedges  were  congealed  by  frost.  Where  the  sun  shone,  the 
bushes  were  each  invested  with  a  mist,  as  if  owing  to  the  vapours 
exhaled  from  them  by  the  sun's  warmth  ;  and,  on  a  nearer  inspect 
tion,  he  could  clearly  discern  the  little  humid  particles  which  occa* 
sioned  it,  and  which  were  floating  around  the  bashes  at  about  half 
au  inch  distance  from  each  othi§» 

lid.  1780. 
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SKCTlgM  X. 

Peemlimr  tolat-  and  lunar  IrUai  teen  im  Saulh  jlmerica. 


To  the  before-mentioned  parUcuIaraof  the  noanUiiionsdeMrte,  I 
■twUsnbioln  thephtenomeiUMra  tbere,aaiutyectieqBm]l7  meriting 
4hecurioa{ly  ofirxUaaal  Tcider.  .At  fitslweweregrcsilysarpdMd 
with  two,  on  sccoMnt  of  their  aunllif ;  bat  frequent  obseirationi 
rendered  tbem  familiar.  One  wftuw  in  Pambamarca,  on  onr  fint 
ascent  thither;  it  was  a  triple  circul&r  iris.  At  break  of  day  the 
whole  raounlain  was  encompasted  with  very  thick  clouds,  which 
the  rising  of  the  sun  diapersed  so  far  as  to  teSTe  only  some  vapours 
of  a  (euuity  not  cognizable  by  the  sight:  on  the  opposite  side  to 
that  where  the  sun  rose>  and  about  ten  toisea  distant  from  the  place 
where  we  were  stauding,  we  saw,  as  in  a  looking-glass,  the  image 
of  each  of  us,  the  head  being  as  it  were  the  centre  of  the  three  con- 
centric irises :  the  last  or  most  external  colours  of  one  touched  the 
first  of  the  following ;  and  at  some  distance  from  them  all,  was  a 
fourth  arcli  entirely  while.  These  were  perpendicular  to  the  ho* 
riion ;  and  as  (he  person  moved,  the  pheuomenon  moved  also  in 
the  same  dtiipositroii  and  order.  But  what  was  moat  remarkable, 
tiiough  we  were  six  or  seven  together,  every  one  taw  the  phenome. 
nOQ  with  regan)  to  himself,  and  not  that  relating  to  others.  The 
diameter  of  the  arches  gradually  altered  with  the  ascent  of  the  tun 
above  the  horizon  ;  and  the  phenomenon  itself,  after  continuing  a 
leoj  time,  insensihiy  vanished.     In  the  beginning,  the  diameter  of 
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the  Inward  iris,  taken  from  its  last  colour,  was  about  fire  degrees 
and  a  half;  and  that  of  the  white  arch,  which  circumscribed  the 
others,  not  leu  than  sixty-seTen  degrees.  At  the  beginning  of  the 
phenomenon,  the  arches  seemed  of  an  oral  or  elliptical  fignre,  like 
the  disk  of  the  sun,  and  afterwards  became  perfectly  circular* 
Each  of  the  least  was  of  a  red  colour,  bordered  with  an  orange  ; 
and  the  last  followed  by  a  bright  yellow,  which  degenerated  into  a 
straw  colour,  and  this  turned  to  a  green.  But,  in  all,  the  external 
colour  remained  red. 

On  the  mountains  we  also  had  frequently  the  pleasure  of  seeing 
arches  formed  by  the  light  of  the  moon,  particularly  one  on  the 
4th  of  April,  1738}  about  eight  at  night,  on  the  plain  of  Turu. 
bamba.  But  the  most  singular  was  one  seen  by  Don  Creorge  Juan, 
on  the  mountain  of  Quinoaloma,  on  the 22d  of  May«  1739,  at 
eight  at  night.  These  arches  were  entirely  white,  without  the 
mixture  of  any  other  colour,  and  formed  along  the  slope  or  side  of 
A  mountain.  That  which  Don  George  Juan  saw,  consisted  of  three 
arches,  touching  in  the  same  point:  the  diameter  of  the  inner  arch 
was  sixty  degrees,  and  the  breadth  of  the  white  mark,  or  deli- 
neation, took  up  a  space  of  fire  degrees ;  the  two  others  were,  in 
OTery  respect,  of  the  same  dimensions. 

The  atmosphere,  and  the  exhalations  from  the  soil,  seem  more 
adapted  than  in  any  other  place  for  kindling  the  Tapours,  meteon 
being  here 'more  frequent,  and  often  Tery  laige,  last  longer,  and 
are  nearer  the  earth,  thaa  the  like  phsenomena  in  other  parts. 

l^Ulloa^i  Kojfoge  to  South  America. 

SBCTION  ZI. 

Lunar  Rainbow  in  Derbythire. 
%  By  Mfb  Ralph  Tboreiby,  F.R.S. 

Tn  Iris  Innaris  being  so  rarely  seen,  that  Dr.  Plot  tells  us*  that 
sereral  learned  and  obserring  men  nerer  saw  one  In  their  lires  ; 
and  that  eren  Aristotle  hfanself  obser? ed  only  two  in  aboTe  fifty 
years ;  the  ensuing  account,  which  I  had  from  a  gentleman  of  great 
Teradty  and  ingenuity,  will  be  the  more  acceptable.  He  waa 
lately  in  Derbyshire,  where,  on  Christmas  last,  he  was  at  Glapwell 
Hall ;  and  walking  towards  Patterson  Green,  about  eight  ii.  the 
erening,  he  observed  with  great  satisfaction  the  bow,  which  the 
moon  had  fixed  In  the  donds :  she  bad  then  passed  her  full  about 

«  Nat.  Hilt,  of  Oxford,  cap.  1,  Kc.  T. 
TOU  IT.  S  N 
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fwenty-four  hoon ;  the  ercning  bad  been  rainy,  Irai  tbe  cloridf 
wtn  dispersed,  and  the  d»ooii  shoite  prettjr  clear.  The  irii  wW 
more  remarkabte  than  that  which  Dr.  Plot  obadrred  at  Oxford,  Uh 
tJA  or  November,  1675;  that  being  only  orawhltecolonr.batthii 
hud  all  the  colours  o(  the  golnr  iris,  eiceedioglf  beautiful  and  dif. 
tinct,  only  ftfint  in  companion  of  those  we  see  in  fbe  day  ;  u  mmt 
necf^sariiy  be  the  case,  both  from  the  di^rent  beatnia  that  cause  it, 
atiil  the  clisposilion  of  the  inedium>  What  pnczled  him  tne  most, 
w  as  the  largeness  of  the  arc,  which  was  Dot  so  moch  left  than  that 
of  the  ton,  as  the  different  dimennons  of  their  bodies^  and  their 
respective  distances  from  ihe  earth  seem  toreqaire:  bntutoil* 
entirtness  and  beauty  or  its  colour,  it  was  surprising.  It  cooti* 
nued  about  ten  minutes,  berore  the  interposition  of  a  clond  liin« 
der^dliia  further  obserTation.  IPhil.  Tram.  1711. 

SECI'ION  XII. 

Deicrip/ion  of  a  Glortf  Seen  on  Mount  Really  near  the  Fale  of 

Chci/d. 

Bv  John  Hayganh,  M.B.  F.R.S.  ftc. 


Ui  ine  13th  of  Fi'bruary,  1780,  as  I  was  returning  to  Chester, 
and  ascending,  at  Rhealc,  tlie  muunlaio,  nliich  forms  the  eastern 
boundarj'  of  the  Vale  of  Clwyd,  I  obserTed  a  rare  and  curious 
phr4)oaienon.  My  ingenious  friend  Mr.  Falconer  has  given;  from 
my  description,  an  exact  representationof  it,  inadmtting  wbicli 
accompanies  this  paper. 

In  the  road  abore  me,  I  waa  struck  with  the  peculiar  appaaranc* 
uf  a  very  whit*  thiQiug  clond,  that  lay.  Eem^rkably  dots  to  tb» 
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groand,  Tha  son  was  neaHj  setting;  but  shon^  extremely 
bright ;  I  walked  lip  to  the  clond^  and  my  shadow  was  projected 
into  it.  The  head  of  my  shadow  was  sarrounded^  at  some  dis- 
taoce,  by  a  circle  of  Tarious  colours^  whose  centre  appeared  to  be 
liear  thd  situation  of  the  eye,  and  whose  circumference  extended 
to  the  shoulders.  This  circle  was  complete,  iexcept  what  the  sha- 
dow of  my  body  intercepted.  It  exhibited  the  most  TiVid  colburs^ 
red  being  outermost :  as  far  &s  can  be  recollected^  all  the  colours 
Appeared  in  the  same  order  and  proportion  that  the  rainbow  pre* 
aents  to  our  Tiew. '  It  resembled,  Very  exactly,  what  in  pictures  is 
termed  a  glory  ^  around  the  head  of  our  Saviour,  and  of  saints :  not 
indeed  that  luminous  radiance,  which  is  painted  close  to  the  head, 
but  an  arch  of  concentric  colours,  which  is  placed  separate  and 
distinct  from  it.  As  I  walked  forward,  this  glory  approached  or 
retired,  just  as  the  inequality  of  the  ground  shortened  or  length, 
ened  my  shadow.  The  cloud  being  sometimes  in  a  small  valley 
1>elow  me,  sometimes  on  the  same  leyel,  or  on  higher  ground,  the 
Tariation  of  the  shadow  and  glory  became  extremely  striking  and 
singular. 

To  add  to  the  beauty  of  the  scene,  there  appeared,  at  a  consi- 
detrable  distance,  to  the  right  aild  left,  the  arches  of  a  white  shining 
bow.  These  arches  were  iki  the  form  of,  and  broader  than  a  rain- 
bow ;  but  were  not  completely  joined  into  a  semicircle  abore,  on 
^account  of  the  shallowness  of  the  cloud.  When  my  chaise  came 
ip,  I  could  observe  no  peculiar  appearance  round  the  shadows  of 
the  postillion,  horses,  or  chaise.  But  the  postillion  was  alarmed, 
•Id  an  uncommon  degree,  by  this  very  singular  apparition :  which, 
indeed,  might  excite  terror,  or  delight,  in  tj^e  beholder,  according 
to  the  disposition  of  mind  with  which  it  was  yiewed. 

Several  appearances  have  been  described  by  philosophers,  in 
^lome*  respects  resembling  what  I  saw,  but  not  exactly  the'  same* 
The  arch  in  size,  situation,  and  colour,  was  most  exactly  the  glor  j 
•represented  in  some  pictures,  and  is  manifestly  the  archetype 
whence  it  had  been  copied  by  a  painter.  Indeed  such  a  phenome* 
non  is  well  adapted  to  excite  religions  awe  and  reverence. 

When  I  returned  into  the  chaise,  a  bright  radiance  appeared 
close  to  its  shadow,  but  no  separate  coloured  circle  was  formed. 

In  order  to  investigate  the  cause  of  these  curious  appearances, 
on  optical  principles,  it  may  be  usefol  to  note  some  peculiar  cir- 
cumstances.   The  cloud  was  specifically  heavier  than  the  air  of  that 
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fgUm  wliera  it  was  placed  :  for,  it  desceoded,  with  coiiiideriM<f 
T^ocitj,  down  tlie  side  of  the  moantain.  It  was  rery  close  aad 
shallow,  bHng,  in  part,  compressed  by  its  ow&  weight ;  the  air  at 
that  altitude  being  too  rare  to  suspend  it* 

I  hate  seen,  at  other  times,  but  not  frequently,  clouds  of  the 
same  appearance.  Op  the  28th  of  November,  1780,  I  saw  some 
clouds  wliich  exactly  resembled  those  in  which  the  glory  was  ob» 
served,  bnt  had  not  leisure  to  approach  them.  These  were  re^ 
markably  close,  compact,  and  shallow  on  the  mountain  ;  but,  in 
tte  adjoining  valley  (of  Mold),  they  were  thin,  rare,  and  deep. 
In 'the  valley,  the  atmosphere  and  the  clouds  seemed  to  be  of  the 
stfme  specific  gravity.  The  cloud  on  the  mountain  had  a  sliiniug 
brightness,  where  the  son  shone  upon  it,  but  was  ejitremely  black 
where  shaded  by  other  clouds. 

In  some  cases,  the  cloud  in  which  a  similar  appearance  fau  been 
observed,  was  thought  to  be  composed  of  frozen  particles.  It  pro- 
bably was  so  in  the  present  instance.  For,  some  hours  later,  the 
same  evening,  being  on  horseback,  and  passing  through  a  thick 
cloud,  icicles,  had  formed  on  my  hair,  which  by  the  motion  of 
ilding  produced  a  sound  like  the  ringing  of  distant  bells. 

No  coloured  arch  like  a  rainbow,  I  believe,  has  ever  appeared 
in  a  hail  or  snow  shower :  the  frozen  drops  are  probably  too  opake, 
too  distant,  and  too  large,  to  exhibit  such  colours.  But  the  prozi. 
nity  and  the  minuteness  of  the  frozen  particles,  in  the  cloud  above 
described,  might  probably  allow  the  rays  of  light  to  be  reflected, 
and  refracted  in  a  coloured  circle.  Experiments  on  thin  frozen 
surfaces,  in  a  prismatic  form,  or  on  small  frozen  particles  of  water, 
might  successfully  illustrate  this  curious  subject.  Glass  incrusted 
with  ice  may  afford  some  observations.  And  the  sun  shining  on  a 
surface  of  snow,  covered  with  a  hoar-frost,  exhibits,  atl  have.lately 
remarked,  beautiful  brilliant  points  of  various  colours,  as  red, 
green,  blue,  &c.  reflected  and  refracted  at  different  augles;  which, 
by  attentive  observation,  might  perhaps  explain  the  cause  both  of 
the  glory,  and  of  the  bright  arches  above  described* 

Explanation  of  the  Drawing. 
CC.    The  white  cloud. 
AA.  The  shining  arches. 
SS.     The  shadow. 
GG.  The  glory. 

[Mem.  of  the  Mancheeier  SoeMy^ 
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Chap.  xlix. 

ON  SOUNDS  AMD  ECHOEf . 

X  um  pbaenoMena  of  spand  have  io  manj  instances  a  strong  ra» 
semblance  to  those  of  light.  Hook  and  £uler  supposed  both  (o 
eoDsbt  in  a  mere  Tibration  or  impulse  of  ether,  or  of  air.  Newtom 
contended  for  a  peculiar  luminous  fluid,  or  matter  of  light,  distinct 
from  ether ;  and  Epicurni  for  a  peculiar  sonorous  fluid,  or  matter 
of  sound,  distinct  from  air;  an  opinion  which  Lamarck*  appears 
to  hate  revired  in  our  own  times.  Light,  as  we  have  already  seen^ 
19  subject  to  reflection  and  refraction,  agreeablj  to  definite  laws  ; 
sound  is  subject  to  the  same  eflTects^  and  according  to  laws  eqoalljf 
definite ;  and  It  is  from  this  reflection  and  refraction  that  echoes  or 
ttock-Toices,  whispers,  and  confused  murmurs,  are  produced,  in  the 
latter  instances  ;  as  parhelia  or  mock.iuns,  rainbows  and  halos  ia 
the  former :  the  one  is  peculiarly  affected  by  colours,  on  which  tho 
other  altogether  depends.  [  Editos. 

SECTION  I. 

General  OhtervaHom  on  the  Nature  of  Sound,  whitpering 

Dometj  arid  Echoet. 

Sound  is  propagated  successively  from  the  sounding  body,  to  tho 
places  which  are  nearer  to  It,  t&en  to  thoS#  tb^t  ire  farther  from 

A  great  many  long  and  laborions  calculations  hsTe  been  made  bf 
divers  able  philosophers  and  mathematicians,  for  the  purpose  of  do. 
ducing  the  velocity  of  sound  through  the  air,  from  the  known 
weight,  elasticity,  and  other  properties  of  air ;  but  the  results  of 
such  calculations  differ  constdenlbly  from  each  other ;  as  also  from 
the  results  of  actual  esperimelHs ;  wMch  shews  either  that  the  cal* 
culations  have  been  established  upon  defective  principles,  or  that 
not  all  the  concurring  circumstances  have  been  taken  into  the  ae« 

^  Joanial  Fkjdqa^p  Uiz.  807. 
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couDt  Therefore,  without  mentkmiog  anj  thing  fuiher  with  re. 
spect  to  those  calcalatioos,  I  shall  immediatelj  state  the  result  of 
aatheotic  and  nsefnl  experiments* 

Almost  erery  body  knows,  that  when  a  gnn  is  fired  at  a  oonsi. 
derable  distance  from  hin,  be  perceifes  the  flash  a  certain  time 
before  he  hears  the  report;  and  the  same  thing  is  tme  with  respect 
to  the  stroke  of  a  hammer,  ofan  hatchet,  with  the  fall  of  a  stone, 
or,  in  short,  with  any  fisible  action  which  produces  a  sound  ok 
sounds.  This  time  which  sound  employs  In  its  motion  tlirough  tin 
common  air,  lias  l>een  measured  by  Various  Ingenious  persons.  Thif 
principal  and  more  general  method  has  been,  to  measore  (by  meait 
of  a  stop  watch  or  a  pendulum)  the  time  which  elapses  between  tlM^ 
appearance  of  the  flash,  and  the  hearing  of  the  report  of  a  gun  ireA 
at  a  certain  measured  distance  from  the  obsenrer ;  for  light  travelr 
§o  fast  through  the  distance  of  1000  or  iOOO  miles,  that  we  cannot 
possibly  perceiTe  the  time ;  therefore  we  may  cbndude  that  the  «b 
tllbilon  of  a  gun  takes  place  at  the  Yery  same  moment  in  which  w« 
perceive  the  flash. 

*'  In  the  first  place  it  has  been  unanimously  observed,  timt  sounS 
travels  at  an  uniform  rate ;  tIi.  that  it  will  go  as  ftr  again  in  two 
seconds,  as  it  will  in  one  second ;  that  it  Will  go  three  times  as  £ir 
in  three  seconds,  or  four  times  aq  far  in  four  seconds,  as  it  wilt 
iQ  one,  and  so  on.  Therefore,  in  the  above-mentioned  manner 
of  performing  the  experiment,  if  the  distance,  (in  feet)  between 
the  cannon  and  the  observer,  be  divided  by  the  number  of  seconds 
elapsed  between  the  perceptions  of  the  flash  and  of  the  report, 
the  quotient  will  shew  the  rate  of  travelling,  or  how  many  feet 
per  second  sound  runs  through. 

This  rate,  has  been  estimated  differently  by  different  persons, 
whose  experiments  have  been  performed  at  different  times,  in  HU 
ferent  places,  and  with  instruments  more  or  less  accurate,  viz. 

Feet 
per  Second.    . 

*  By  Sir  Isaac  Newton,  at  the  rate  of. 968 

f  By  the  Hon.  Mr.  Roberts,  at 1300 

t  By  the  Hon.  Mr.  Boyle,  at , 1200 

*         §  By  Mr.  Walker,^  at 1338 

•  Priocipia.  B.  II.  Prop«  50.        f  Phil.  Trans.  No.  809. 
dtf 'Holiofl.  S  1^1*  Tnuu.  No.  847. 
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*'  By  Mersennas,  at 1474 

f  By  the  FloreatiDe  Academicians  •••.••••  I  .  •  1 148 

t  By  the  French  Academicians ••••1172 

§  De  Thury,  Maraldi,  and  de  la  Caille 1 107 

U  Flamstead,  Ualley,   and*Derham,  at 1142 

Dr.  Derham ,  as  it  appears  by  the  account  in  the  Philosophical 
Tninsactions,  seems  to  have  made  the  greatest  number  of  accurate 
and  more  diversified  experiments ;  therefore  we  may  take  his  con* 
elusion,  which  coincides  with  those  of  Flamstead  and  Halley^  as 
the  nearest  to  the  truth  ;  ?iz.  that,  in  general,  so]and  travels  uni. 
formly  through  th^  atmospherical  air  at  the  rate  of  1142  feet  per 
second)  or  one  mile  in  little  less  than  five  seconds;  at  least,  thli 
result  cannot  differ  from  the  truth  by  more  than  fifteen  or  twenty 
feet»^  But  it  will  appear  from  the  following  paragraphs,  and 
from  the  difficulty  of.  measuring  time  to  a  fraction  of  a  second, 
that  no  very  great  degree  of  accuracy  can  be  expected  in  measure, 
ments  of  this  sort* 

Derham  obserred,  that  the  report  of  a  cannon  fired  at  the  distance 
of  thirteen  miles  from  him,  did  not  stride  his  ears  with  a  single 
sound,  but  that  it  was  repeated  fiye  or  six  times  close  to  each 
other.  ^'  The  two  first  cracks,^'  he  says,  ^^  were  louder  than  the 
third,  but  the  la&t  crackj  were  louder  thap  any  of  the  rest. — 
And  besides,  in  some  of  my  stations,  besides  the  multiplied  sound, 
I  plainly  heard  a  faint  echo,  which  was  reflected  by  my  church, 
and  the  houses  adjacent." 

This  repetition  of  the  sound  probably  originated  from  the  reflec. 
tion  of  a  single  sound  from  hills,  houses,  or  other  objects,  not 
much  distant  from  the.  cannon.  But  it  appears  from  general  ob« 
serration,  and  where  no  echo  can  be  suspected,  that  the  souod  of 
a  cannon,  at  the  distance  of  ten  or  twenty  miles,  is  different  from 
the  sound  when  near.     In  the  latter  case  the  crack  is  loud  and 

«  Balistic.  Prop.  39*        f  Exp.  of  the  Aca4.  del  Cuncolo»  p.  Hi. 

}  Du  Hamel  Hist.  Acad.  Reg. 

^  They  reckoned  it  equal  to  173  toises,  which  are  nearly  »  to  1107  feet 
.  Bnglisb.    See  Mem.  de  TAcad.  for  1738,  p.  128,  Sk. 

I)  Phil.  Trans.  Jones's  Abrid.  vol.  IV.  p.  39^ 

I  According  to  KIr.Jlale,  the  undolation  of  water  if  to  the  motioa  of  soimd, 
as  one  to  865. 

2m4 


hgtiBhwiTtriffi  irf  T^^if*t  t^  r***"^  .i.!.— »£■♦■  4fc^  ^  '^iV:  Wlwififf 
in  th«  feffiMr  caie,  tIi.  at  a  diilnor,  it  is  a  gnife  Mnd,  wkidi 
mmj  be  cooipared  ta  a  dstenMaate  — liml  aovnd ;  mad  instead  of 
being  insUntaoeoos,  it  begins  softlj,  swells  to  its  grcatsst  load* 
ness,  and  then  dies  away  growling.  Nearly  the  sanM  tUng  may  be 
obftenred  with  respect  to  a  dap  of  thander.  Other  sounds  are 
lii^ewise  altered  fai  qnslity  by  the  dirtanoe. 
*  Upon  the  whole,  it  sppears  tfnit  the  Telodty  of  soaad  is  enctly 
Oe  same,  whether  the  sound  be  hi|^  or  low,  strong  or  fieeUs;, 
whether  it  be  the  sound  of  a  human  iroioe,  or  the  ivporC  of  a 
cannon.  But  its  rdodty  is  sensibly  altered  by  winds.  If  the 
wind  conspires  with  the  sound,  tIs.  if  it  blows  in  die  direction 
from  the  soun^g  body  to  the  hearer,  the  sound  will  be  heard 
sooner ;  and  if  the  wind  blows  the  contrary  way,  the  soaad  will 
be  heard  later,  than  accordfaig  to  the  rate  itf  1149  feet  per  seeood. 
In  short,  the  vdodty  of  the  wind,  in  tlie  fisrsser  case,  hmsI  Im 
added  to,  and  in  the  hitter  it  must  be  subtracted  fnm^  that  of  the 
sound.*  But  the  velocity  of  the  air  in  the  strongest  wind  Is,  peiw 
baps»  not  equal  to  the  twentieth  part  of  the  Ydodty  of  sound. 

Heat  and  cold  seem  to  malu  a  rery  small  alteration  in  the  velo. 
dty  of  sound ;  for  sound  sppears  to  trarel  a  little  ftster  in  summer 
than  in  wintera 

Different  altitudes  of  the  bsrometer,  as  also  different  quantities 
of  moisture  in  the  air,  seem  to  occasion  a  small  alteration  in  the 
velocity  of  sound.  But  it  is  not  in  our  power  to  determine  what 
share  of  the  effect  is  due  to  each  of  those  causes. 

Upon  the  whole  it  appears,  that  whatever  increases  the  elasticity 
of  the  air,  accelerates  the  motion,  as  also  the  intensity  of  sound 
through  it,  and  vice  versa.  Or,  in  fluids  of  a  determinate  elas. 
ticity,  whatever  increases  the  density,  diminishes  the  velodty  of 
sound  through  them.     Probably  the  velocities  of  sound  through 


*  The  knowledge  of  this  fact  will  enable  m  to  warwmret  pretty  nearly,  the 
velocity  of  the  wind  in  certain  cases  |  for  if  a  cannon  be  fired  at  a  known  dis* 
taoce  from  us,  the  report  mast  reach  us  sooner  when  the  wind  blows  fran  that 
place  to  Wf  and  later  when  it  blows  the  ooatmry  way,  than  It  will  in  calm 
weather  i  therefore,  knowing  what  time  it  aaghl  to  reach  as  la  ctfm  weather, 
the  diiference  between  that  tiaM  and  the  time  obserted  in  the  abave-mentkmed 
eases  of  windy  weather,  is  the  tbae  which  the  wind  ca^ilqys  in  paanag  tkroi^ 
that  distaace. 
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KQcb  floidsi  «re  ai  the  square  roots  of  the  densities.  Experience 
seems  to  proTe,  that  at  different  times  of  the  year  (the  inflaenco 
of  the  winds  being  excluded)  the  Telocity  of  sound  may  be  faster 
or  slower,  not  exceeding  thirty  feet,  than  at  the  abofe«mentioned 
mean  rate  of  1 149  feet  per  second. 

The  knowledge  of  the  Telocity  of  sound  through  the  air,  may 
be  applied  to  a  Tery  useful  purpose,  tIz.  to  the  measurement  of 
distances,  especially  when  no  better  method  can  be  used  widi  con* 
Teniency.  Thus  we  may  measure  the  distance  of  a  thunder  cloUd^ 
by  measuring  the  time  which  elapses  between  the  appearance  of 
the  flash  of  lightning,  and  the  report  of  the  explosion  or  thunder; 
for,  if  by  looking  on  a  clock  or  a  watch  with  a  second's  hand,  wa 
find  that  the  fioie  elapsed  is  one  second,  we  may  conclude  that  the 
explosion  took  place  at  the  distance  of  1 149  feet  from  us ;  If  the 
elapsed  time  be  two,  or  three,  or  any  other  number  of  seconds^ 
we  may  conclf^de  that  the  distance  is  the  product  of  1 14%  multl« 
plied  by  two,  or  by  three,  or  by  the  other  number  of  seconds. 
After  the  same  manner,  by  obserTlng  the  flash  and  the  report  of  a 
gun,  or  the  motion  of  the  hand  which  moTes  a  hammer,  and  tha 
perception  of  the  sound,  &c.  we  may  determine,  pretty  nearly^ 
the  distance  of  a  ship,  or  of  an  island,  or  of  a  workman,  ftc 

Air  is  always  around  us,  and  therefore  is  the  most  common 
medium  through  which  sounds  are  transmitted :  but  sounds  may 
also  be  conveyed  by  other  bodies,  both  solid  and  flild ;  tIx. 
by  water,  by  metals,  by  wood,  by  stones,  by  ropes,  &c.  and  ia 
most  cases  more  readily,  and  more  perfectly,  than  by  the  air.  Pro^ 
bably  there  is  no  substance  which  is  not  in  some  measure  a  con. 
ductor  of  sound ;  but  sound  is  Ihuch  enfeebled  by  passing  from 
one  medium  to  another. 

If  a  man  stops  one  of  his  ears  with  his  finger,  stops  the  other 
ear  by  pressing  it  against  the  end  of  a  long  stick,  and  a  watch  be 
applied  to  the  opposite  end  of  the  stick,  or  of  a  piece  of  timber, 
be  it  eTer  so  long,  the  man  will  hear  the  beating  of  the  watch  Tery 
distinctly ;  whereas  in  the  usual  way  through  the  air,  he  can  hardly 
hear  it  from  a  greater  distance  than  about  fifteen  feet. 

The  same  effect  will  take  place  if  he  stops  both  his  ears  with  his 
hasdis  and  rests  his  teeth,  his  temple,  or  the  cartilaginous  part  of 
^ae  of  bis  ears,  against  the  end  of  the  stick.    Instead  of  a  stick  he 
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mtjT  use  a^od  of  iron,  or  other  metal,  a  block  or  pillar  of  mar» 
ble,  &c« 

Instead  of  applying  the  watch,  a  very  gentle  scratch  may  be 
made  at  one  end  of  a  pole,  or  rod,  and  the  person  who  keeps  th^ 
ear  in  close  contact  with  the  other  end  of  the  pole,  after  the 
aboTe^mentioned  manner,  will  hear  it  with  great  acouracy. 
..  Thqs  persons  who  are  not  quick  of  hearing,  by  applying  their 
teeth  to  some  part  of  a  harpsichord,  or  other  sounding  body,  will^ 
by  that  means,  be  enabled  to  hear  the  sound  much  better  than 
"Otherwise* 

.If  a  man  stops  his  ears  with  his  hands,  then  passes  the  loop  of 
a  string  (which  has  a  piece  of  metal,  as  a-  spoon,  &c.  tied  to  its 
extremity)  over  his  head  and  hands,  and  by  stooping  himself  a 
little,  keeps  the  end  of  the  string,  with  the  spoon  or  piece  of  metal 
pendant  before  him  ;  on  striking  the  spoon  against  any  thing,  h6 
will  hear  a  sound  not  much  different  from  that  «f  a  large  bell. 
Such  experiments  are  capable  of  great  variety.*  •  - 
.  It  has  been  said,  that  the  reports  of  cannon  fhred  at  Toulon 
may  be  heard  at  Monocoj  viz.  at  the  distance  of  about  seventy-six 
iniles,  by  a  person  lying  on  the  ground  ;  but  not  otherwise.  But 
the  practice  of  placing  one's  ear  close  to  the  ground,  in  order  to 
perceive  the  approach  of  horses  or  men  ;  or,  in  short,  for  the 
purpose  of  hearing  distant  sounds,  has  been  observed  even  amongst 
unciTiiiaed  nations. 

:  Articulate  sounds  may  also  be  transmitted  through  solids ;  but 
I  must  own,  they  are  not  perceived  very  distinctly  by  my  ear. 
However,  Dr.  Chladni,  who  has  made  a  vast  number  of  experi- 
ments relative  to  this  subject,  expresses  himself  in  the  following 
manner : 

^^  Articulated  tones  also  are  conducted  exceedingly  well  through 
hard  bodies,  as  I  found  by  experiments  which  I  made  with  some 
of  my  friends.  Two  persons  who  stopped  their .  ears,  could  con» 
verse  with  each  other  when  they  held  a  long  stick,  or  a  series  of 
sticks,  between  their  teeth,  or  rested  their  teeth  against  them. 
It  is  all  the  same  whether  the  person  who  speaks  rests  the  stick 
against  his  throat  or  his  breast,  or  whether  one  rests  the  stick  which 
he  holds  in  his  teeth  against  some  vessel  into  which  the  other  speaks. 


MH 


«  Set  the  Mem.  of  the  Ac.  of  Turin,  for  1790  and  1791. 
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The  effect  will  be  greater  the  more  the  yessel  is  capable  of  a  tre- 
ipaloiis  moTement.     It  appeared  to  be  strongest  with  glass  and 
porcelain  vessels ;  with  copper  kettles,  wooden  boxes,  and  earthern 
pots,  it  was  weaker.     Sticks  of  glass,  and  next  fir-wood,  con. 
ducted  the  sound  best.    The  sound  could  also  be  heard  when  ft 
thread  was  held  between  the  teeth  by  both,  so  as  to  be  somewhat 
stretched.     Through  each  substance,  the  sound  was  modified  in  a 
manner  a  little  different.     By  resting  a  stick  or  other  body  against 
the  temples,  the  forehead,  and  the  external  cartilaginous  part  of  the 
ear,  sound'is  conveyed  to  the  interior  organs  of  hearing ;  as  will 
readily  appear,  if  you  will  hold  your  watch  to  those  parts  of  another 
person  who  has  stopped  up  his  ears.     From  this  it  appears,  as 
well  as  from  the  experiments  relative  to  the  hearing  under  water, 
that  hearing  is  nothing  else  than,  by  means  of  the  organs  of  hear* 
ing,  to  be  sensible  of  the  tremulous  movement  of  an  elastic  body, 
-jvheither  this  tremwlous  movement  be  conveyed  through  the  air,  or 
any  other  fluid  or  hard  body,  to  the  auricular  nerves.     It.  is  also 
essentially  the  same  whether,  as  is  usually  the  case,  the  sound  be 
conveyed  through  the  internal  part  of  the  ear,  or  whether  it  be 
communicated  through  any  other  part  of  the  body.     It  certainly 
would  be  worth  the  trouble  to  make  experiments,  to  try  whether  it 
might  not  be  possible  that  deaf  and  dumb  people,  when  the  defi. 
ciency  lies  only  in  the  external  organs  of  the  ear,  the  auricular 
nerve  being  perfect^  could  not,  by  the  above  method  of  conducting 
sound,  be  made  to  bear^  distinctly,  words  articulated,  as  well  a» 
other  sounds."* 

The  velocity  with  which  sound  moves  through  solids,  is  by  no 
means  known,  nor  does  it  seem  likely  to  be  determined  experi* 
mentally  ;  for  such  experiments  can  only  be  performed  with  several 
hundred  feet  length  of  each  particular  snbstanoe.  The  only  thing 
which  has  been  tried  relative  to  this  subject,  is  to  transmit  a  sound 
through  a  series  of  pieces  of  wood  placed  in  close  contact  the  first 
with  the  second,  the  second  with  the  third,  and  so  on.  It  wai 
found  that  sound  was  transmitted  through  wood  faster  than  through 
air ;  but  it  could  not  be  determined  how  much  faster.^ 

*  Thb  has  been  taken  from  (he  Phil.  Mag.  for  July  1799,  which  confaiat 
(be  translation  of  some  passages  extracted  from  Dr.  ChUdni's  original  work 
on  the  longitudinal  vibrations  of  strings,  &c. 

t  By  reasoning  aad  calculation  it  has  been  deduced,  that  a  colman  of  air 


540  OH  tBB  NATUEB  OP  SOITfrD. 

Wbetlier  sound  be  Cranimiitted  at  all  tbrovgh  Tacanon  or  not,  h 
by  no  means  detennined.  A  bell  inclosed  in  a  glass  receirer,  and 
caused  to  souod^  can  be  heard  less  and  less,  according  as  ^e  glisi 
is  more  and  more  exbavsted  of  air ;  but  thovgh  I  have  osed  on# 
of  tbe  best  air-pnmps  that  was  ever  eotistrncted|  and  the  apparatiil 
%hich  supported  the  bell  was  laid  upon  such  toft  substances  as 
teemed  least  likely  to  transmit  the  sound  through  them  ;  yet  I 
tould  ne^er  render  the  sound  of  the  bell  quite  unaudlble.  Besides, 
ft  may  be  suspected,  that  when  the  glass  receirer  Is  eihausted  of  afr^ 
the  pressure  of  the  atmosphere,  on  its  outside  only,  may  check  in 
great  measure  the  transmission  of  the  sound.  If  it  be  asked  what 
can  transmit  the  sound,  or  the  Tibratlons  of  the  bell,  when  the  air 
between  It  and  the  glass  has  been  remored,  suppoising  that  It  might 
be  entirely  removed  ?  We  must  undoubtedly  assert  our  ignoraoc^ 
of  it.  But  our  ignorance  of  what  may  transmit  the  sound  In  tiiat 
case,  does  not  prote  that  the  sound  could  not  be  lieard,  if  tlie  air 
were  entirely  removed. 

Sounds  diminish  In  intensity,  or  they  are  less  audible,  according 
as  the  hearers  are  farther  from  tlie  sounding  body;  but  there  it  ne 
accurate  method  of  determining  this  decrease*. 

The  same  sound  is  stronger  in  dense  than  in  thinner  air.  HThe 
actual  fall  of  rain,  snow,  &c.  or  a  good  deal  of  moisture  In  the  air, 
diminishes  tbe  intensity  of  sound.  In  calm,  serene  weather, 
when  every  thing  is  quiet,  a  sound  is  heard  much  stronger,  and  of 
course  much  farther  than  otherwise.  Wlien  a  smooth  surface  of 
ground,  and  especially  of  water,  is  interposed  between  the  sound- 
ing body  and  the  hearer,  then  sounds  may  be  heard  much  farther 
than  when  water  much  agitated,  or  ground  covered  with  houses, 
trees,  &c.  is  interposed. 

In  favourable  circumstances  the  striking  of  the  clock  on  the  bell 

In  a  pipe  of  a  certain  length,  open  at  both  ends,  malces  one  Ipniptudinal  ▼!• 
bration  in  the  same  time  that  sound  would  employ  to  percor  the  same  length  of 
air;  (Riecali  delUJibre  elmsticke,  Newton's.  Princ.  L.  2.  Prop.  50.)  hence  it 
may  be  presumed,  by  analog}-,  that  9ound  is  transmitted  by  solids  of  a  certain 
length,  in  the  mme  tine  in  which  those  solids  would  perform  eacbof  tbeir  Ion* 
gitndinal  vibrations.  Now  it  has  been  found  that  a  rod  of  iron  of  a  certain 
length,  will  perform  its  longitudinal  vibrations  much  faster  than  an  equal  pit* 
lar  of  air ;  f berefore  it  is  likely  that  sound  will  move  through  iron  moch  ihster 
Ihan  through  air;  and  the  siune  thing  may  be  said  of  other  solids* 
•  Seethe  Phil.  Trans,  for  1800,  p.  120. 
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•f  St.  Ftuil'f  chorclii  in  LoadoD,  hat  been  heard  in  Windior.  It 
has  been  aaid,  (hat  with  a  particular  concurrence  of  (aToarable  dr. 
cuiDataDceSf  thehaman  foice  has  been  heard  at  the  distaoce  of  aaore 
thau  t«n  miles,  vis.  from  Old  Gibraltar  to  New  Gibraltor  *.  The 
dbcharge  of  an  ordinary  musket  can  hardly  erer  be  heard  farther 
than  seyeiior  eight  miles;  but  the  discharge  of  several  such  mus« 
kets  at  the  sanue  time  may  be  heard  from  a  greater  distance.  .  The 
quick  repetitioQ  of  the  same  sound  may  also  be  heard  somewhat 
^ther  than  |he  game  singly.  In  the  Dutch  war  of  the  ytv  167% 
U  h^%  been  said,  that  the  reports  of  cannons  were  beard  at  the  dis* 
lanice  of  300  miles,  and  upwards. 

It  is  commoqty  siiid,  that  the  vibrations,  which  are  communi. 
cated  to  the  air.  by  a  sounding  body,  expand  spherically  all  round 
that  body ;  and  in  fact  its  sound  miiy  be  heard  on  any  side  of  it;. yet 
certain  it  is,  that  the  sound  will  not  be  heard  with  equal  force  aad 
distinction  in  every  direction ;  and  this  difference  is  much  greater  with 
certain  sounding  bodies,  (viz.  when  a  strong  Impulse  it  given  to  the  air 
in  a  particular  direction)  than  with  others.  The  report  of  a  cannon 
appears  louder  to  a  person  towards  whom  It  is  fired,  than  to  one 
situated  in  a  contrary  direction  f  •  The  speaking-trumpet  throws 
the  sound  directly  before  Its  aperture,  and  very  little  of  it  can  be 
heard  by  persons  who  are  out  of  that  direction  X»  In  windy  wea* 
ther  the  sound  of  a  distant  bell  is  perceived  to  increase  or  decrease 

*  Derhaa's  Pbyiico-Theology,  B.  iv.  chap.  9.    See  alto  the  Phil.  Tram. 
No.  300,  for  more  fhcts  of  this  oatve. 

t  Pbil.  Trans,  for  1800»  p.  118. 

I  Upon  this  principle  several  curioos  contrivances  may  be  made  ;  and  the 
•peaking  of  the  inanimate  tigare,  sospended  in  the  air,  which  was  exhibited  la 
London  some  yean  ago,  depends  npon  the  same  principle.  The  mechaoisn 
was  as  follows:  a  wooden  figure  was  suspended  In  the  air  by  means  of  rib- 
bands, in  an  opening  between  two  rooms.  There  was  a  perforation  about  aa 
inch  and  a  half  in  diameter,  from  the  mouth  to  the  upper  part  of  the  head* 
This  apertore  had  an  enlarged  termination  on  the  top  of  the  bead,  and  with  tha 
other  extremity  communicated  with  a  sort  of  speaking- trumpet,  which  was 
fkstened  to  the  mouth  of  the  figure.  Behind  the  partition  the  enlarged  or  fun- 
Hel-llke  opening  of  a  tube  was  situated  directly  opposite  to,  and  at  about  two 
feet  distance  of,  the  aperture  on  the  head  of  the  figure.  The  tube  behind  the 
partition  was  bent  In  a  convenient  foim^  and  a  concealed  performer  applied 
either  his  month  or  his  ear  to  the  other  end  of  the  tube*  Now,  if  a  person  ap* 
plied  his  month  to  the  opening  of  the  trumpet,  and  spoke  into  it,  the  sounf 
passed  from  the  opening  on  the  head  of  the  figure  through  the  air,  to  the  opeth 
ing  of  the  tube  which  stood  facing  it  behind  the  partition  of  the  rooms,  and  the 
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in  loodiiMi,  aeeoiding  as  the  wiad  altort  Ui  itra^lli  or  tts  dBni^ 
tion.  An  obtttoctioti  to  tlito  directioD  of  toimds  if  oiUloBtl j  nib 
lijr  hills,  liooMt,  laigotrMt,  ■■AoihvboilMof  aoKlrfb«lMl; 
fir  tlM  MMi  of  •  AdMft  ten,  of  ft  mia,  of  the  wftTM  of  Hie  Ml  00 
the  sbbre^  ftc.  naj  be  hcoid  niiiGh  better  when  notidng  solid  is  iL 
teiposed  between  the  hewrer  aod  the  sonodliig'bodjr,  thin  other* 
wise.  This  iiuijte  easUfobserred  bja  person  walking  through  a 
towD,  when  a  noise  proceeds  lioni  any  of  the  ibofCbtnentioBed 
eauses;  for  lie  will  hear  the  noise  modi  better  when  ho  cones  to 
tiie  openfaig  of  a  street  which  leads  to  the  sonnding  piaoe,'than 
when  the  houses  interrene ;  so  that  the  sound  whidi  cones  ont  of 
an  apertare,  does  not  eipand  spheriodljr  roond  thit  apertare,  as 
toand  a  centre ;  aod  this  is  analogous  to  what  hai  beeto  sdd  wfA 
irespect  to  the  direction  of  a  stream  of  water,  which  oonet  ont  of 
an  aperture ;  but  it  must  be  confessed,  that  wo  aiolcss  able  to 
oompr^hend  tiie  real  motion  of  the  air,  than  that  of  the  wates  on 
the  snrfiice  of  the  water,  or  that  of  a  stream, 
t  Soonda  are  also  lelected  bjr  hard  bodies,  and  this  reflection  pro. 
4nces  the  welUknown  phtnaMsnan  called  eolo  /  and  other  anaU. 
fons  to  it*  ' 

'.  If  a  person  standing  at  a  certain  distance  before  a  high  wall,  a 
iNmk,  a  rock,  &c»  utters  a  word  or  makes  a  noise,  eithier  with  his 
▼oice,  or  with  a  hammer,  &c.  he  will  frequently  hear  a  repetition 
of  the  word  or  other  noise ;  and  the  time  which  elapses  between 
the  expression  of  the  sound,  and  the  hearing  of  the  same  again,  is 
the  same  as  sound  in  general  would  employ  in  going  twice  through 
the  distance  between  the  man  and  the  wall,  or  the  rock,  &c»  for 
the  yibrations  of  the  air  must  go  from  the  man  to  the  wail,  and 
back  again ;  so  that  if  the  wall  be  1 142  feet  distant,  the  time  elapsed 
between  the  expression  of  the  sound,  and  the  second  arriyal  of  it 
to  the  ear,  will  be  two  seconds ;  and  so  forth* 


person,  who  applied  his  ear  to  the  Girther  opening  of  the  tubcy  would  h*iy  ii 
'distinctly ;  but  other  penons  in  the  room  heard  very  little,  if  at  all,  of  themid 
articnlated  sound ;  and  the  same  thin^  tool^  place,  when  the  concealed  penoo 
spoke  with  his  mouth  close  to  the  farthest  end  of  the  tube,  and  another  penoa 
placed  his  ear  close  to  the  opening  of  the  trumpet  $  which  shews  that  the  aoaad 
passed  almost  entirely  in  a  straight  direction,  from  the  opening  on  the  bead*  fo 
(he  opposite  aperture  of  the  tube,  and  vice  venm.  This  made  It  appear  as  if  the 
wooden  figure  itself  comprehended  words,  and  returned  an  adequate  aaswer. 


QN  THE  NATURE  OF  SOUND.  545 

But  the  same  original  sound,  and  the  repetition  of  it,  whTch  is 
called  the  echo,  may  be  heard  by  other  persons  situated  at  different 
distances  both  from  the  original  souhding  place,  and  from  the  re. 
Hecting  wall,  or  othor  object.  The  effifct,  however,  will  not  be  ex- 
actly alike  ;  for  instance,  those  who  are  nearer  to  the  wall,  will 
iiear  the  echo  sooner  than  other  persons ;  those  who  are  at  fiir 
■gain  from  the  man  who  expresses  the  sound,  as  they  are  from  the 
reflecting  obstacle,  when  the  reflecting  object  is  at  an  equal  distance 
from  bo<h,  will  hrar  both  the  original  sound  and  the  echo  at  tlie 
same  time  ;  in  which  case  thpy  will  perceive,  as  it  were,  one  sound 
louder  than  they  would  without  the  repetition. 

But  though  several  persons  in  different  situations  will  hear  the 
echo,  or  repetition  of  the  same  sound  ;  yet  in  a  particular  direction  j 
the  echo  may  be  heard  much  better  than  in  other  directions.  Now, 
if  two  straight  lines  be  drawn  from  the  centre  or  middle  of  the  re* 
fleeting  suirface^  one  to  the  place  whence  the  original  doand  pro. 
ceeds,  and  another  in  the  above-mentioned  best  direction;  those 
lines  will  be  found  to  make  equal  angles  with,  or  to  be  equally  in- 
clined to  that  surface.  Hence  it  is  said,  "  that  sound  is  reflected 
by  certain  bodies,  and  that  the  angle  of  reflection  is  equal  to  tihe 
angle  of  incidence." 

•  This  shews,  that  thouc;h  sound  proceeds  from  an  original  sound- 
ing body,  or  from  a  reflecting  surface,  in  every  direction ;  yet  a 
greater  quantify  of  it  proceeds  in  some  particular  direction  than  in 
any  other  ;  and  this  is  probably  owing  to  the  original  impulse  being 
given  to  the  air  in  one  direction  more  forcibly  than  in  others,  as 
also  to  the  want  of  perfect  freedom  of  motion  in  the  aerial  fluid. 

Hie  surface  of  various  bodies,  solids  as  well  as  fluids,  have  been 
found  capable  of  reflecting  sounds,  viz.  the  sides  of  hills,  houses^ 
rocks,  banlcs  of  earth,  the  large  trunks  of  trees,  the  surface  of  wa- 
ter, especially  at  the  bottom  of  a  well,  and  sometimes  even  the 
clouds.  It  is  therefore  evident,  that  in  an  extensive  plain,  or  at 
sea,  where  there  is  no  elevated  body  capable  of  reflecting  soands, 
no  echo  can  be  heard. 

..  The  con6guration  of  the  surface  of  those  bodies  seems  to  be  much 
more  concf*rned  in  the  production  of  the  echo,  than  the  substance 
itself.  A  smooth  surface  reflects  sounds  much  better  than  a  rough 
one.     A  convex  surface  is  a  very  bad  reflector  of  sound ;  a  flat 
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aarface  reflecU  it  Tery  well;  bot  ainudl  dc|gree  of  ooncatllf ,  and 
especially  when  the  Bounding  body  is  in  the  centre,  or  focus,  d  Ok 
concafity,  renders  that  snrfacV  a  much  better  reflector. 

Thus  in  an  elliptical  chamber,  If  the  sounding  body  be  placed  in 
a  focus  of  the  ellipsis,  that  sound  will  be  heard  ttinch  louder  by  a 
person  situated  In  the  other  focus,  than  in  any  other  part  of  the 
chamber.  In  this  rase  the  effect  is  so  powerful,  that  even  when 
the  middle  part  of  the  chamber  is  wanting,  tis.  when  the  twooppo* 
site  elliptical  shells  only  exist,  the  sound  expressed  in  one  fooM 
will  be  heard  by  a  person  situated  in  the  other  focus,  but  hardly 
at  all  by  other  persons*. 

This  in  some  measure  eiplains  the  effect  of  what  aie  adbd 
whispering  domes j  and  whitpering  galleries;  whercip,  If  a 
person  speaks  pretty  near  the  wall  on  one  side  of  it,  another  per« 
son  will  hear  him  distinctly  when  he  places  his  ear  pretty  near  the 
wall  on  the  opposite  side.  The  dome  in  St. Paul's  cathedral,  in 
London,  has  this  curious  property,  which  Is  generally  shewn  to  all 
enquiring  visitors. 

Several  phsenomena  may  be  explained  so  easily  upon  the  above* 
msntioned  theory  of  the  reflectioa  of  sound,  that  they  need  bi 
merely  mentioned  to  the  intelligent  reader. 

Several  reflecting  surfaces  frequently  are  so  properly  situated, 
with  respect  to  distance  and  direction,  that  a  sound  proceeding 
from  a  certain  point,  is  reflected  by  one  surface  first,  then  by  ano- 
ther which  is  a  little  farther  off,  after  which  it  is  reflected  by  a  third 
surface,  and  so  on  ;  or  it  is  reflected  from  one  surface  to  a  second^ 
from  the  second  to  a  third,  from  the  third  to  a  fourth,  &c.  Hence, 
echoes,  which  repeat  the  same  sound,  or  the  same  word,  two  or 
tliree,  or  several  times  over,  are  frequently  met  with. 

According  to  the  greater  or  less  distance  from  the  speaker,  a  re* 
fleeting  object  will  return  the  echo  of  several,  or  of  fewer  syl* 
iables ;  for  all  the  syllables  must  be  uttered  before  the  echo  of  the 
first  syllable  reaches  the  ear,  otherwise  it  will  make  a  confusion. 
In  a  moderate  way  of  speaking,  about  3|  syllables  are  pronounced 

• 

■  — r-i '•■■     ' 

•  If  from  any  point  in  the  circamference  of  an  ellipsis,  two  lines  be  drawn 

to  the  fociy  those  lines  make  equal  angles  with  the  cunre  at  that  point.  This  Is 
demonstrated  by*all  the  writers  on  conies.  Therefore,  the  sound  which  Is  pro* 
daced  in  one  focns  of  an  elliptical  chamber,  and  is  reflected  frond  the  wall  ta 
the  other  focns,  makes  all  the  angles  of  incidence  equal  to  the  angles  of  re- 
flection respectively.  Hence,  that  focos  is  the  place  where  the  sound  b  heard 
best. 
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A  oiie  second,  or  seten  syllables  in  (wo  seconds  ^.  Hierefdr^^ 
^ben  an  echo  repeats  seren  sjlfables,  (he  refiecting  object  is  1  l4f 
feet  distant ;  for  soynd  travels  at  the  rate  6f  l]4d  feet  per  seboiid/ 
and  the  distance  from  the  speaker  to  the  reflecting  object,  and  agaia 
from  the  latter  to  the  former^  is  twice  1)43  f<set.  When  the  echo 
returns  fourteen  syllables,  the  reflecting  object  must  be  3383  feet 
distant,  and  so  On.  A  famous  echo  is  said  to'  be  in  Woodstock 
Parky  near  Oxford.  It  repeats  seventeen  syllables  in  the  day,«Dd 
twenty  ^t  night +•  Another  remarkable  echo  is  said  to  be  on  the 
north  side  of  Sliipley  church,  in  Sussex,  {t  repeats  distinctljTy  lo^ 
favourable  circumstances,  twenty.one  syllables  j:. 

Therefore  the  farther  the  reflecting  surface  is,  the  greater  nam«- 
ber  of  syllables  the  echo  will  repeat ;  bi^t  the  sound  will  be  eiu^ 
Ce^ebled  nearly  in  the  same  proportk)Q>  and  at  last  the  syllables 
cannot  be  heard  distinctly* 

When  the  reflecting  object  is  too  near,  the  repetition  of  tha^ 
sound  arrives  at  the  ear,  whilst  the  perception  of  the  original  sonnd^ 
still  continues,  in  which  case  an  indistinct  resounding  is  heard*^ 
lliis  effect  may  be  frequently:  observed  in  empty  rooms,  passages. 
Aic.  especially  because  In  such  places  several  reflections  from  the 
walls  to  the  hearer,  as  also  from  one  wall  to  the  other,  and  then  tc^ 
the  hearer,  clash  with  each  other,  and  increase  the  indistinction« 

1 1  each  of  the  vtbratlos^  of  the  air,  which  are  occasioned  by  4 
certain  sonnd,  be  performed  in  the  same  time  tliat  sound  employi 
in  going  from  the  sounding  body  to  the  walls  of  a  room,  and  thencei 
to  the  hearer,  then  the  sound  will  be  heard  with  greater  fosce*  In 
short,  by  altering  our  situation  in  a  room,  and  expressing  a  sonnd^ 
or  hearing  the  scntnd  of  another  person^  in  different  sltnationp^  m 
when  different  objects  are  alternately  plaiced  in  the  rpqm,  £ki2 
sound  may  be  heard  louder  or  weaker^  and  more  orless  distinct^ 
}Ience  it  is,  that  blind  persops,  who  are  under  the  necessity  of  pa^ 
log  great  attention  to  the  perceptions  of  their  sense  ef  benrlngy 


Hcqtilre  the  habit  of  dktinguishing,  from  (he  sound  even  of  theW 

i 

• 

*  From  tbe  compufalron  of  dMit-hand  miitn  it  appean  that  a  ready  anii 
rapid  orator  io  the  Eoglirii  Uoguage^  propoaoces  from  7000  to  7500  wordi  la 
an  hour,  viz.  about  120  words  in  a  mihotei  or  two  wordi  la  each  MC9ad.«^» 
Memoin  of  GibboD*8  Life.  * 

f  Dr.  Plot's  Nat.  Hist,  of  Oifordshlre. 

X  Harris*!  Lex.  Tech.    Article  Echo.  ' 

TPLilv.  9v 
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mniTotctiy  wlMdier  a^room  is  emptjr  or  fqirotehedy  wbeUier  &9t 
wfatdows  are  open  or  shat ;  and  sometimes  they  can  ewen  distiagidili 
whether  any  person  be  in  the  room  or  not*. 

{CaoalloU  Pkiloi^    . 

SECTION    II. 

Esirdordinary  H^kispermg^plaees^  and  Echoes* 

In  a  Letter  firom  Robert  Soothwell,  Eiq*  dated  September  19»  1661. 

Ths  best  whispering  place  I  ever  saw  was  that  at  Gloucester: 
6ot  in  Italjr,  in  the  way  to  Naples,  two  days  from  Rome,  I  saw,^ 
in  an  inn,  a  room  with  a  square  tault,  where  a  whisper  could  be 
easily  heard  at  the  opposite  corner,  but  not  at  all  in  the  side  cor^ 
Ber  tiiat  was  near  to  you. 

I  saw  another,  in  the  way  from  Paris  to  Lyons,  in  Ae  porch  ai 
m  common  inn,  which  had  a  round  vault ;  but  neither  of  these 
were  comparable  to  that  of  Gloucester;  only  the  difference  be« 
tween  these  last  two  was,  that  to  this,  holding  your  mouth  to  tho 
aide  of  the  wall,  several  could  hear  you  on  the  other  side ;  thai 
tolce  being  more  diffused.  But  to  the  former,  it  being  a  squart 
loom,  and  you  whispering  in  the  corner,  it  was  only  audible  in 
Ihe  opposite  cornier ;  and  not  to  any  distance  from  thence  as  to 
distinction  of  words.  And  this  property  was  common  to  aacn 
Corher  of  the  room,  and  not  confined  to  one. 

As  to  echoes,  there  is  one  at  Bruxelles  that  answers  fifteen  times: 
but  when  at  Milan,  I  went  two  miles  from  thence  to  a  nobleman^i 
palace.  The  building  is  of  some  length  in  the  front,  and  has  two 
Wings  jetting  forward ;  so  that  it  wants  only  one  side  of  an  oblong 
figure.  About  100  paces  before  the  house,  there  runs  a  small 
brook,  and  that  very  slowly ;  over  which  you  pass  from  the  house 
into  the  garden.     We  carried  some  pistols  with  us,  and,  firi;ig  on# 

^>— ^-^~^~"  ^  I         .     .    -  .      1——^  I  ■  Mill  IP<fc«»— ^ 

.  *  The  faaotis  Dr.  N.  SaDnderson,  professor  of  mathematicf  io  the  ODiver* 
sity  of  Cambridge,,  who  bad  been  bliod  since  he  was  one  year  old,  poaentd 
tach  acatenrss  of  hearing,  that,  as  is  related  in  the  account  of  his  lifct  *'  By 
his  qnickness  in  this  sense,  he  not  only  distinguished  persons,  with  whom  ha 
had  ever  once  convarsed,  so  long  as  to  fix  in  his  memory  the  sonnd  of  theif 
voice,  but  in  some  measure  places  also.  He  could  jud^  of  the  size  of  a  roon^ 
into  which  he  was  introduced,  of  the  distance  he  was  from  the  wall :  and  if  ever 
he  had  walked  over  a  pavement  in  courts,  piazzas,  &c.  which  reflected  a 
found,  and  was  afterwards  conducted  thither  again,  he  could  exactly  tcU 
whereabouti  in  the  walk  he  was  placedj  merely  by  the  note  it  iouDded.V 
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^f  them,  I  heiurd  fifly.six  reiterations  of  tlie  noise.  The  first 
twenty  were  with  some  distinction;  but  tlien,  as  tlie  notse  seeme^ 
to  fly  away,  and  answer  at  a  greater  distance,  the  repetition  wai 
•o  doubled,  that  you  could  hardly  count  them  ail,  seeming  as  1^ 
the  principal  sound  was  saluted  in  its  passage  by  reports  on  thii' 
and  that  side  at  the  same  time.  Somje  of  our  company  reckoned 
mbore  sixty  reiterations  when  a  louder  pistol  was  discharged. 

IPhil.  Trans.  1746. 

SECTION  HI. 

Singular  fympafhetic  action  of  two  Pendulum  Clocks  on  ^ack 

other. 

By  Mr.  John  Elliscott,  F.R.S. 

The  two  clocks,  on  which  the  following  observations  were  madeg 
being  designed  for  regulators)  particular  care  was  taken  to  hare^ 
crery  part  made  with  all  possible  exactness :  the  two  pendnlonit 
were  hung  in  a  manner  diAerent  from  what  is  usual ;  and  so  die* 
posed,  that  the  wheels  might  act  on  them  with  more  adrantagej 
Upon  trial,  they  were  found  not  only  to  more  with  greater  freedom 
than  common,  but  a  heavier  pendnlum  was  kept  in  motion  by  n 
smaller  weight  They  were  in  every  respect  made  as  near  alike 
as  possible.  The  ball  of  each  of  the  pendulums  weighed  above 
331b. ;  and  required  to  be  moved  about  1^  5'  from  the  perpendC 
cular,  before  the  teeth  of  the  swing  wheel  would  scape  free  of  tb« 
pallets ;  that  is,  before  the  clocks  would  be  set  a-going.  Tiia 
weight  to  each  was  31b.  which  would  cauj^  either  of  the  pen^i 
dulums  in  their  vibrations'  to  describe  an  arch  of  3\  The  two 
clocks  were  in  cases,  which  shut  lery  close,  and  placed  sideways 
to  each  other,  so  near  that  when  the  pendulums  were  at  rest,  they 
were  little  more  than  about  two  feet  asunder. 

The  odd  phaenomena  observed  in  them  were  these ;  in  less  thai| 
two  hours  after  they  were  set  a-going,  one  of  them,  called  No.  K 
was  found  to  stop ;  and  when  wti  a«^oing  again,  as  it  was  several 
times,  it  would  never  continne  going  four  hours  together.  As  it 
had  always  kept  going  with  great  freedom,  before  the  other  clock^ 
No.  £,  was  placed  near  it,  this  led  Mr.  £•  to  conceive  its  stopping 
must  be  owing  to  some  influence  tlie  motion  one  of  the  penduiuma 
kad  upon  the  other;  and  oa  watching  thefn  more  narrowly,  tho 

motion  of  No.  2  was  found  to  increase  u  No»  1  diiriniphwl  j  «i4( 

SN2 


ft  ihe  fisM  that  No.  ]  itO|>ped,.  No.  2  d«tcribcd  w  asdi  of  5^^ 
diat  iS|  iwo'dcfreet  more  tkm  it  woald  hate  dooe,  if  the  other 
had  not  been  near  it^  and  more  than  it  moved  in  a  sliort  tiipe  wfter 
^  other  pendulum  came  to  be  at  rest :  tlut  made  Mr.  E.  imagpne 
lliat  thiey  liad  a  mntnal  influence  on  each  other. 
.  On  thb  he  stopped  the  pendulom  of  No.  %  leaving  it  quite  at 
rest,  and  set  No.  1  a-going,  the  pendulum  describing  as  large  an  arch 
as  the  case  would  permit,  ytz.  about  5^  In  about  twenty  minutes 
afteir,  he  went*  to  observe  whether  there  was  anj  motion  commu. 
skated  to  the  pendulum  No.  2;  when|  to  hb  surprise,  he  found 
the  clock  going,  and  the  pendninm  to  describe  an  arch  of  3^9 
Irbereis  at  the  same  time  No.  1  did  not  move  4^.  la.abont  hall 
an  hour  after,  No.  1  stopped^  and  the  motion  of  No.  2  was  in* 
creased  to  very  near.  6^.  He  tlien  stopped  No.  %  a  second  time« 
and  set  No.  1  a  goiogy  as  before ;  and  standing  to  observe  thepi, 
he  pitsently  found  the  x^^odulum  of  No.  2  begin  to  move,  and 
Ihe  moiiob  to  increase  gradually,  till  in  17m.  40s.  it  described  an 
irdi  of  2^  !(/,  at  which  time  the  wheel  discharging  itself  of  the 
pallets,  the  clock  went. 

'  The  arches  of  the  vibrations  confinned  to  Increase,  till,  as  in 
Ae  former  experiment,  the  pendulum  moved  6°;  the  motion  of 
ihe  pendulum  No.  1,  gradually  decrearing  all  the  while,  as  the 
other  increased;  and  in  three  quarters  of  an  hour  after,  it 
stopped. 

*  He  then  left  the  pendulum  of  No.  1  at  rest,  and  set  No.  2  a 
going,  making  it  describe  an  arch  of  5^;  it  continued  to  vibrate 
jfess  and  less,  till  it  described  but  about  3^;  in  which  arch  it  con. 
tinned  to  move  all  the  time  he  observed  it,  which  was  several 
ioors.  The  pendulum  of  No.  1  seemed  but  littie  affected  by  the 
motion  of  No.  2. 

^  Mr.  E.  tried  these  experiments  several  times  over,  without  find^ 
tog  any  remarkable  difference.  The  freer  the  room  was  froni 
ttiy  motion,  as  people^s  walking  about  in  it,  &c.  he  found  the 
experiments  to  succeed  the  better;  and  once  he  found  No.  2  set 
a-going  in  16m.  20s.  and  No.  1  at  (hat  time  stopped  in  36m.  465m 

m 

further  obstrvatian*   mmd  expenmenii  eomcerning  the  tmm 

Ciocki  mbovementiamut, 
Bytktmme, 

The  seea^gly  different  effects,  which  tiie  two  clooks  had  #• 
4lfih  9ther^  Jk.  ElUoott  acconts  fat  aa  fsHowi. 


ilCTlOX  OF  TWO  P£KDULUlf  CLOCK«ti  ^4Q 

r-TlM  manner  in  wbich  the  notion  is  commnnicaCed  to  the  peai 
^ulnoi  at  rest,  lie  conceit ct  to  be  thas :  as  the  pendulums  are  yery 
heary,  when  either  of  them  is  set  a-going,  it  occasions  bj  ita 
vibrations  a  Tcrj  small  motion,  not  only  in  the  case  the  dock  is 
Aaed  in,  Jbat,  In  a  greater  or  less  df-gree,  in  every  thing  it  toncbeat 
and  this  motion  Is  communicated  to  the  other  clock,  by  means  oC 
tiM'rail,  against  which  both  the  cases  bear.  The  motion  thus  com- 
municated, which  u  too  small  to  be  discofered,  but  by  means  of 
some  such  like  experiments  as  these^  may  be  judged  by  many^ 
insoflcient  to  make  so  heavy  a  pendulum  describe  an  arch  of  9% 
or  large  enough  to  set  the  work  a«going ;  and  indeed  it  would  be' 
•o,  but  fur  the  very  great  freedom  «vith  which  the  pendnlom  la 
made  to  move,  arising  from  the  manner  in  which  it  is  hung.  Thia 
appears  from  the  very  small  weight  required  to  keep  it  goings 
wMdi^  when  tka  clock  was  first  put  together,  was  little  more  tha» 
lib.  And  if  the  weight  was  taken  off,  and  the  pendulum  madoi 
to  swing  9%  it  would  make  1200  Tibratiuns  before  it  decreased 
half  a  degree,  so  that  It  would  not  loae  the  3000th  part  of  ao  iticlr 
in  each  vibration.  Indeed  if  the  weight  was  hung  on,  the  frictioa 
Irould  be  Increased,  and  the  pendulum  would  not  move  quite  so 
freely  ;  but  eren  in  that  case  it  was  found  to  lose  but  little  more 
than  the  9000th  part  of  an  Inch,-  or  about  three  seconds  of  a  de. 
gree,  in  one  vibration  ;  and  therefore  if  the  motion  commonicated 
to  it  from  the  other,  will  make  it  describe  an  arch  exceeding  3f\ 
the  vibrations  most  continually  Increase  till  the  work  la  set  a  going* 
And  that  the  motion  Is  commonicated  in  the  manner  abofe  aupu 
posed.  Is  confirmed  by  the  following  experiments :  ' 

-  A  prop  was  set  against  the  back  of  the  case  of  No,  9,  to  pre* 
vent  Its  bearing  against  the  rail ;  and  No.  1  was  set  a«going ;  then 
observing  them  for  several  hours,  Mr.  E.  could  not  perceive  the 
least  motion  communicated  to  No.  2.  He  then  set  both  the  elocki^ 
a.golng,  and  they  continued  going  several  hours ;  but  he  oould* 
not  find  they  had  any  influence  on  each  other.  Instead  of  the 
prop  against  the  back  of  the  case,  he  pot  wedges  under  the  boU 
foms  of  both  the  cases,  to  prevent  their  bearing  against  the  rail  $ 
and  stuck  a  piece  of  wood  between  them,  just  tight  enough  te 
anpport  its  own  weight.  Then  setting  No.  1  a.golng,  the  Inflneoce 
was  so  much  increased,  that  No.  2  was  set  a-goiog  in  leas  than  siir 
minutes,  and  No.  1  stopped  in  about  six  minutes  after.  In  erdef 
te  tfy  what  diftresce  w^ld  arise ^  if  Ihe  decks  were  tied  ae  m 


aao-        Aonov  4a  two  *u9Pmjau  ^Mtauk 

WNP»  soUi  floor,  bo  plooed  theoiy  oaetly  In  IfcoMM 
lo-ihe  la«t«xperlBoiit|  oo  tho  atoiM  pofont  mdor  tho  pioiuo 
of  the  Royal  Eichaogo,  aod  etnck  tiw  -pitoo  of  wood  botvcott 
Ata«  it  beforo ;  ond  jetting  No.  1  o-goioA  Ao  onlj^  difoiinofc 
nfWy  thftt  it  woi  fifteen  mhMtes  liefofo  No.  9  wni  est  a-going^  and' 
No.  1  oontinucd  going  near  luUf  an  lM»nr  iiefare  it  ttoppod* 

From  tlieee  esperimeDts  Mr.  E.  thinki  it  plainly  appeani|  dMI 
he  pendalom  whidi  it  pnt  in  motion,  as  it  moTot  towaida  eitlirr 
side  of  tlie  ease,  maliet  the  prettnre  on  the  fcet  of  the  caae  to  Im 
nneqnali  and,  by  itt  weiglit|  occationi  atmail  liearingormotiQa 
ia*tlie  oaie  on  that  side  towardi  whidi  tliependnlnm  is  moving; 
nnd  which|  by  the  interposition  of  any  solid  body,  wili  be  cobi« 
mnnicated  to  the  other  eloch,  whose  pendolam  waa  left  at  fnst» 
The  only  obfectien  to  this,  lie  conceit et,  i§  the  difimot  efloda 
which  the  two  pendolon*  seemed  to  hare  on  each  other*  fint  thin 
he  iN»pes  to  explain  to  satisiactibn* 

;For,  notwithstanding  these  diftreat  eflects^  he  spon.lbmid,  by 
eeieral  experiments,  that  the  two  tlochs  mntnal^'iiliBOted  essA 
odmr,  and  in  the  same  manner^  though  not  with  eqnal  force:;  and 
that  the  faiieties  obsened  in  their  acttons  on  eaoh  other,  arast 
Imn  tlw  nneqnal  lengths  of  their  pendnlnms  only*    . 

For,  on  moring  one  of  tlie  dodu  to  another  part  of  the  loom^ 
and  setting  them  both  a  going,  he  found  that  No.  2  gviined  of  No» 
1,  about  Im.  36b,  in  twenty«foar  hours.  Then  fixing  both  against 
the  Tail,  as  at  first,  he  set  them  a-going,  and  made  the  pendoluma 
to  vibrate  about  4° ;  but  he  soon  observed  that  of  No.  I  to  in* 
crease,  and  that  of  No.  %  to  decrease ;  and  in  a  short  time  it  did 
not  describe  an  arch  large  enough  to  keep  the  wheels  in  motion. 
In  a  little  time  after  it  began  to  increase  again,  and  in  a  few  mk 
antes  it  described  an  arch  of  ^,  and  the  clock  went.  Its  vibnu 
lions  continued  to  iucrease  for  a  considerable  time,  but  it  never 
libjrated  4%  as  when  first  set  a-goiug.  While  tiie  vibrations  of 
No.  d  increasod,  those  of  No.  1  decreaaed,  till  the  clock  stopped,^ 
and  tlie  pendulum  did  not  describe  an  arch  of  more  than  1**  3(/» 
It  tlien  began  to  increase  again,  and  No.  2  decreased,  and  stopped[ 
a  second  time^  but  was  set  a*goiog  again,  as  before.  After  tiiia 
No.  1  stopped  a  second  time,  and  the  vibrations  continued  to  dew 
crease  till  the  pendulum  was  almost  at  rest.  It  afterwards  in- 
creased a  smaller  matter,  but  pot  sufficiently  to  set  the  work  a* 
goifl^^  But  Mo.  2  opntiuned  going,  its^pendnlum  describing  a^ 
arch  of  about  3^.  "   .     ' 


ACTION  dF  TWO  PBNDlTLUM  PLOCMt  ifi&l 

Flhdlng  them  to  actmataally  and  alternately  on  each  otliei^/ 
Mr.  £•  set  them  both  a-going  a  second  time,  and  made  the  pen- 
dulnms  describe  as  large  arches  as  the  cases  would  permit*  During 
this  experiment,  as  in  the  former,  he  sometimes  found  the  one^ 
and  at  other  times  the  contrary  pendulum  to  make  fUe  largait 
f  ibration.  But  as  they  had  so  large  a  quantity  of  motion  given 
them  at  first,  neither  of  them  lost  so  much  during  the  period  it 
was  acted  on  by  the  other,  as  to  hare  its  w oHc  stopped,  but  both 
continued  going  for  several  days,  without  farylng  one  second  froAi 
each  other ;  though  when  at  a  distance,  as  was  before  obserred^ 
they  varied  Im.  36s.  in  twenty.honrs.  While  they  continued  thita 
going  together,  he  compared  them  with  a  third  clock,  and  found 
that  No.  1  went  Im.  17s.  faster,  and  No.  2  went  19s.  slower,  thihi 
Ifiej  did  when  placed  at  a  distance,  so  as  to  have  no  influence  oa 
each  other. 

On  altering  the  lengths  of  the  pendulums,  the  period  in  whidi 
their  motions  increased  and  decreased,  by  their  mutual  action  im 
each  other,  was  changed ;  and  would  be  prolonged  as  the  pen. 
dulums  came  nearer  to  an  equality,  which,  from  the  nature  of  th* 
action,  it  was  reasonable  to  expect  it  would.  This  discoTera^tW 
reason  why  the  pendulum  of  No.  2,  when  left  at  rest,  wonld  bt 
set  a«going  by  the  motion  of  No.  1 ;  whereas  if  No.  1  was  left  at 
rest,  It  would  not  be  set  agoing  again  by  the  motion  of  No.  S«  ^ 

For  he  found,  by  se? eral  experiments,  that  the  same  pendnhitt, 
when  kept  in  motion  by  a  weight,  would  go  faster,  than  when  It 
only  moved  by  its  own  gravity*  On  this  principle,  which  may 
easily  be  accounted  for,  it  follows,  that  during  the  time  in  which 
the  shortest  pendulum.  No.  d,  was  only  acted  on  by  No.  I,  it 
would  move  slower,  and  the  times  of  its  vibrations  approach 
nearer  to  an  equality  with  those  of  No.  I,  than  after  it  came  to 
be  kept  in  motion  by  the  weif^ht;  and  by  this  means  the  time 
which  No.  I  would  continue  to  act  on  it,  would  be  prolonged,  and 
be  more  than  was  required  to  make  the  pendulum  describe  an  arch 
sufficient  to  set  the  work  a-going.  But,  on  the  contrary,  while 
the  pendulum  of  No.  I ,  which  was  the  longest^  was  only  acted  oa 
by  No.  2,  as  it  would  move  slower,  the  difference  of  the  timet 
of  the  vibrations  would  be  increased ;  and  consequently  the  time 
which  No.  2  would  continue  to  act  on  it,  would  for  this  cause  bo 
shortened,  so  that  before  the  pendulum  of  No.  1  would  descrlbo 
tm  arch  sufficient  to  set  the  work  a*going,  the  period  of  Iti  being 
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fUia dvin*H'W«iMi^' te  i|«MliMiJk1b  Mel  fa-K».  t;  at 

4BmitiB«e,  Mtoettmes  <ft  lM»ftt  mortl(  cdl  ift'olfetr  ItaMtf  1M%  Mft 
^MVtr  •■ttdoitlf  to  it«4he  clock  o-goiit. 

/  -Is'iomtiM.,  Hi^  |ln) wwm  uii  r '  liwng  at  fCf,  Bitoocol  okctrpci, 
.Oat  iJlNNtitjr^  fflMcioiif  iiT  tiM  ptodnlooi  claficJ  w]4o  ft  ttNmd 
jMitid  over  flilrt«i«o  oiilci;  in  wioter  aifMitf.iiioo  Hcolldi^  Ihi 
Ifcii  imipMfc  Hill  ii^  all  r  In  a  clooJ  or.miil  Iftf^iBTamai^oMa 
jtha  yo i^pMNi  ini  lujiMiiad,  fielMo  the  aif  |]^pHdto.«fi|Md:-^ 
rfiM'SUfP,  ort^Y  Ibv  i""  of  the  thtwiomiiter .  imjiilwit  f  libaMif 
.KaaoMr'n  wUth  U  Y^  for  !<"  of  Falimriiail.  ' 

Chladoi  infer*,  from  tiie  longitndinal  ▼ibraftMi  of  difatail  CnW 
J)iiirM'»  lihitilf  of  7800  feH  in  A.ilooad|  in  thL|  MOO  h  dteor; 
,ttM0lB:Ooppcfr.l7?dO0iniiaiaood.tooa;  fraBllOOBIpliOQO 
Ja^ociliflran  10000  to  IMOO  iotobaocoil^  Bb: 
rlltm  MO  fttHf  oontiBiei  fejr  calcoktioaa  fiooni 
vAceoff4iH  ^  ^  elatttdtf  of  f  r,  as  infentd  from  an  otporkatnl 
lilf  Mr.  li^iliei  the  Telocity  of  an  lln|io1ii|  HilNild  be  17800. 

Most,  perhaps  all^  gases,  an  Aeilnnia^  sonnd,  and  by  tbsir 
obange  pf  temperatare  prodace  sannd>  This  is  particnlafly  tlie 
oaaa  with  hydrogen  gas.  Aqneons  mponr,  that  off  ether,  and  of 
phosphorovs  acid,  produce  a  simibn,  li^  slighter,  effect. 

IBianconi.  BngiuUML  CUadnL  Delarioe.  Ywng^^ 
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